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ACCOUNTAI^a'Y 


LESSON 7 I 

Corrections for the Profit and LosSr, 
Account 

I N Lesson 6 (Volume 3, page 30) -we saw that certain 
adjustments had to be made m lespect of stock-in-trade’ 
and the Trading Account In this Lesson we deal with 
certain other elementai'y adjustments that noimally have to 
be made at the end of every trading period For the Profit 
and Loss Account to be an accurate record, corrections 
must be made for the following outstanding expenses ; 
expenses paid m advance , bad debts , depreciation With 
regard to outstanding expenses at the end of the accounting 
year, certain expense j will usually have been incurred which will 
not be paid until the following period, and of which there is no <• 
record m the financial books For instance, it may happen,' 
m the case of a concern whose accounting year ends on December 
31, that the rent for the three months, October to December, 
may not be paid until the following January 

If we assume that the Purchases Day-book does not include 
any expenses (some day-books contain analysis columns for 
certain of the moie important expense items), then at December 
31 there will be no entry m the books to record the fact that 
the lent is due TJiie Rent account lu the General Ledger will 
only have been debited with the payments in respect of the first 
lime months of the year If this total only were tiansferred to 
the debit of the Profit and Loss account, it is cleai that the piofit 
for the year would be overstated by the amount of three months’ 
rent The Rent shown would not be the tiue rent for the year. 

Let us assume that the rent of the premises occupied by the 
business is lioo pei annum, payable in four quarteily instal- 
ments of ^25, on March 31, June 30, September 30, and 
December 3;, m respect of the preceding three months in each 
case The Rent account in the General Ledger would appear 
on December 31, as shown at A m the Table 111 page ii 

II IS assumed that the lent due on December 51, jn respect 
of the last three months, bad not been paid on that date. 

( 9 ) 



"ACCOUNTANOY 7 


Suspense Creditors Account. In order that the true rent for 
the year t^ioo) may be transferred to the Profit and Loss account, 
it is clear that another £33 must be debited to the Rent account. 
The corresponding credit cannot, however, be made to Cash, 
since no cash has been disbursed. This difficulty is overcome by 
opening a now account termed " Suspense Creditors," to which 
the £25 is credited. 

The account will now appear as at B. In this way, it will be 
noted, the Profit and Loss account is debited with £100, the true 
'expen.se for the year. The credit balance of £25 on the Suspense 
Creditors account is left as a balance in the boolts, and, therefore, 
must appear in the balance sheet, which is a list of all balances 
remaining after the nominal accounts have been closed off to 
the Profit and Loss Account. It will, of course, appear on the 
liabilities side. It will be noticed that this balance is not shown 
in the balance sheet simply because there is nothing el.se to do 
with it. On the contrary, it must appear, if the balance sheet 
is to be a complete statement of assets and liabilities, since a 
- very clear and definite liability to pay this £25 to the landlord 
exists on December 31. This adjustment is a good illustration 
of the principle that double entry book-keeping is not merely a 
mechanical device, but is always a reflection of an actual state of 
affairs existing at a particular time. 

With the commencement of the new accounting year, however, 
the balance on the Suspense Creditors account is " written 
back " to the Rent account on January i. The final state of 
the accounts wmild then be as set out at C. 

■‘..'The Suspense Creditors account is now closed, and we aro loft, 
at the commencement of the new period, with a credit balance 
of £25 on the Rent account itself. This is nece-ssary if the 
accounts of the new period are themselves to be correct, 

Assuming the rent due on December 31 is paid during January, 
cash will be credited and the Rent account will bo debited. 
If all the subsequent payments in this second year are all made 
on the due dates (iuclu ding the last payment, on December 31), 
then it is clear that there will be five debts of £25 each, totalling 
'£125. Now, just as it would have been incorrect to charge 
the Profit and Loss account with £75, so also it would be incorrect 
^ transfer £125. The true rent is neither of these figures, but 
|£loo. In''this case, however, the credit of £25 written back 
on January i reduces the balance of the Rent account to 

( 10) 



PROFIT AND LOSS AG#IOTJNT 


A 

Rent Account. 


Mar. 31 — To Cash 

•• £25 



June 30 — „ 

■■ 25 



Sept. 30 — „ „ 

.. 25 



B 

Rent Account. 


Mar, 31 — To Cash 

• ■ £^5 

Dec. 3z — By Profit 

& 

June 30 — „ 

• • 25 

Loss account 


Sept. 30 — „ „ 

• ■ 23 



Dec. 31 — To Snspense 



Creditors 

.. 25 


4 


:(loo 


£'^°° 


Suspense Creditors. 




Dec. 3 1 — By Rent ac- 



count 

.. £^5 

c 

Rent Accotint. 


Mar, 31 — To Cash 

•• £'^5 

Dec. 31 — By Profit 

& 

June 30 — „ 

.. 25 

Loss account 

.. £100 

Sept. 30 — „ 

• . 25 



Dec. 31 — To Suspense 



Creditors 

•• 25 




£xoo 


£100 







Jan. I — By Suspense 



Creditors . . 

25 


Suspense 

Creditors. 


Jan, I — To Rent 

• • £25 

Dec. 31 — By Rent 

. . £25 

D 

Insuyances. 


1931- 




July I — To Cash 

.. £20 



E 

Insurances. 


1931 


1931 


July I — To Cash 

■ ■ £20 

Dec, 31 — By Suspense 



Debtors 

.. £10 



Dec. 3r — By Profit 

& 



Loss account 

.. zo| 


£20 


£20 




iumm-. 


Suspense Debtors. 


1931 




Dec, 31 — To Insurances 
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. Accountancy 7 

o, wlii(Sh may be correctly transferred to the Profit and Loss 
ount. It may also happen that certain expenses are paid 
ore they arf due, the payments having been debited to the 
jropriate expense account. In such an event, the total debit 
fte expense account in question will be greater than the true 
sense for the year, When the balance on the expense account 
ess than the true expense incurred, we have seen what adjost- 
ints are made. The adjustments in the converse case are 
lilar. 

Suspense Debtors Account. Take the case of a man commeiic- 
5 business on January i, 1Q31. For the first six months he 
ys no insurance, but on July i he takes out a policy and pays 
premium of ^zo, which covers him for the succeeding twelve 
onths. He makes up his accounts on December 31, on which 
ite there is a balance of ^zo on the Insurance account, as shown 
. D in the Table in page ri. 

Now this premium of £20 covers the period July i, 193I1 
) June 30, 1932. Therefore, only or,.half, relates to the 
^counting year 1931, and this amount only should be charged 
fainst the profits of that year. To enable this to be done the 
alance on the Insurance account at Dec. 31 must be reduced 
p £io. This is done by crediting Insurances with £10, and debit- 
ig a new account, called " Suspense Debtors," with a similar 
urn. The debit balance on Insurances account is now £10, 
nd this is transferred to the Profit and Loss account, as seen at E. 
The Profit and Loss account has now been debited with the 
)roportion of the premium that relates to the year under review. 
Che; debit balance on "Suspense Debtors ”• account appears 
IS an asset in the balance sheet. This balance represents a very 
■eal benefit ; the business possesses on December 31 the advan- 
;age of being insured for six months ahead. For if the premium 
.apsed on December 31, a further premium would have to be 
paid on January i. The. business is relieved of the necessity 
pf making any fresh disbursement until the following July i. 

On the first day of the next accounting period (January 
Ii ^932) the Suspense Debtors account is " written back," 
i.e., Suspense Debtors is credited with £xo, thus closing the 
account, and Insurances is debited with ^10. This is correct, 
since this second half of the premium relates to the accounting 
year 1932, and must be included in the debits to the Profit and 
Xajss account for that year. 
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ACCOUNTANCY^ 


LESSON 8 

“Writing Off” 

A DEBIT balance on a personal account is an asset. It 
represents the obligation of the debtor to pay at a 
future date the sum of money indicated. It is the right 
to receive cash, combined with the expectation of payment. 

It may, however, happen that the debtor becomes insolvent, 
and is unable to pay. In such an event, the debt due ceases to 
be an asset. The mere right to receive cash, if it cannot be 
enforced, is worthless It is here that we may again observe 
the principle stated earlier, that is, that debit balances are either 
assets or losses. The debit balance on the personal account of 
an insolvent debtor ceases to be an asset and becomes a loss. 
An account headed," Bad Debts ” is opened, and the balance on 
the personal account is transferred thereto. This is termed 
" writing off." * 

It is very likely that in the course of the year a number of bad 
debts will be sustained. All bad accounts are written off to the 
Bad Debts account, and the total of this account is "ultimately 
transferred to the Profit and Loss account. For example : 

John Smith, 

To Goods ^300 By Bad Debts ^300 

« 

Bad Debts. 

To J. Smith £300 By P. and L. jfSoo 

„ W. Robinson 250 

„ H. Jones 50 

1^00 £6oa 

W. Robinson, 

To Goods £250 By Bad Debts ... ... £250 

H. Jones. * 

To Godds £50 By Bad Debts £50 

( 13 ) 



- /kCGOUNTANGY 8 

Tiethwse amounts in this iilustration, totalling /6oo, have* been 
previously included in the credit to Sales account, and will, 
therefore, be ipduded on the credit side of the Profit and Loss 
account ; but since no cash will ever be received in paymefit foi" 
the goods, this credit must be offset by the debit of Bad Ddhts- ” 
Sad Debts Reserve. In many cases there may be some 
doubt as to the capacity of the debtor to pay. There tio 
certainty that he will be unable to pay, but there is a 
possibility. Now, if that is true of a number of personal accc'^^ots, 
* is morally certain that, in a proportion, of the cases, tb® 
pectation of non-payment will be correct. Thus, at the tints the 
Profit and Loss account is being prepared, there is a paorai 
certainty of some loss, but no definite knowledge of its precise 
amount, or of which personal accounts will be mvolvec'- 
It is, therefore, impossible to write off any specific accb'Jiits 
as definitely bad. On the other hand, since some loss is mpraUy 
certain, some provision must be made ; otherwise the net profit 
will be overstated. This provision is made ^jy the creatiod **■! 
'Reserve for Bad and Doubtful Debts. An estimate of the total 
probable loss is made ; this sum is debited to the Profi'** 

Loss account, and is credited to a Reserve account. No ent^T 
made in any of the personal accounts. The Reserve is shown 
in the balance sheet as a deduction from " Sundry Debl-ors,' 
" Sundrj' Debtors ” being the total of the sales ledger balances. 
Thus the net figure in the balance sheet is the same as it would 
have been had specific accounts, equal in total value to the 
amount of the reserve, been written off. The Reserve reffi^-ins 
as a balance in the ledger until the following aceounting periO'i’ 
When this point has been reached, a number of the pefsonal 
accounts which were previously doubtful will now be known to 
be definitely bad, and will be written off to the Bad Debts acdou'iL 
Qtlier accounts, of course, may prove to be good. The tof*>-l of 
the Bad Debts account rqay be transferred to the debit oi the 
Reserve account. 

But the story does not finish there. It now becomes necessary 
:o make a fresh estimate of doubtful accounts at the end this 
iBCond period. The amount of this new reserve is debited to 
he Reserve account, and brought down to credit. The 
>f the Reserve account is written off to the Profit and Loss 
.ccount. ^ 

Consider the following example. A business commdncss on 



“ WRITING OFF , 

January i, 1931, At the end of the first year’s tra<iing it is 
estimated that the probable loss from doubtful debts will be 
£500, and a reserve of this amount is created. | During 1932 
personal accounts totalling ;£400 are written off as bad. On 
December 31, 1932, the total of all sales ledger balances, excluding 
those that have been written off as bad, is ;£io,ooo. It is estim- 
ated that 10 per cent of these debts wil! prove to be bad, and 
it is determined to bring the Reserve up to this figure. 

The Reserve for Bad and Doubtful Debts will appear as follows ; 


Reserve for Bad and 

Doubtful Debts. 


1931. 

Dec. 31. To Balance cjd £500 

1931 

Dec. 31 

By Profit & 



Loss aje . . 

£50° 

£500 



£500 

sssaa 




1932. 

1932. 



Deo. 31. To Bad Debts 

Jaa. I. 

By Balance b/d 

£500 

ale t . . £400 

Dec, 31 

By Profit & 

„ 31. To Balance 

Loss ale . . 

900 

(closing reserve) 1,000 



*• 

ifi.400 



£1.400 

mmmmS 

1933- 




Jan, I. 

By Balance . . 

£1,000 


It will be noted that : i. The debit to Profit and Loss for 
1931 is £500. 2 The reserve deducted from Sundry Debtors in 

the Balance Sheet of December 31, 1931, is £500. 3. That Bad 

Debts actually written off in 1932 are only ^400, which is £100 
less than the estimate 4. The debit to Profit and Loss 
for 1932 is £900. This amount is made up in this way. It 
is estimated that £1,000 of the debtors’ accounts at December 
31, 1932, will be bad ; bu the debit to Profit and Loss at 
December 31, 1931, turns out to hawe been excessive to the 
extent of ;£ioo. By charging to P. & L. at December 31. 1932, 
£ioo less than the amount of the estimated loss, the total debit 
to P. & L. for the two years taften together is correct, always 
assuming, of course, that the final estimate is correct : 

Debit to P. and L., 1931 ^^500 

,, ,, 1932 ••• ,*• 9no 


( 15 ) 




, ilcCOUNTANC3Y 8 

>ts tnown to be Bad and written O-ff 

ances estimated Bad, Dec. 31. 1932 i.ooo 

^ 1,^00 

The Reserve deducted from Sundry Debtors (not including 
} ^400 written off) is £1,000, which is the proportion of the 
bts then due, which it is not expected to realize 
Allowance tor Depreciation. Assets may be divided into 
lating and fixed assets. Floating assets consist either of 
sh, or of assets which will eventually be converted into cash, 
ch as Debtors or Stock-in-trade ; with these we are not at the 
oment concerned Fixed assets are those which are acquired 
ith a view to permanent retention, and not with a view to 
'-sale and conversion into cash. They arc held in order to 
lable the business to earn profits. Some fixed assets are 
nown as wasting assets ; that is to say, they gradually wear 
ut and shrink in value as they are used. Examples of wasting 
ssets are office furniture, plant and machinery, leaseholds, and 
iotor vans. It is in connexion with wasting assets that we will 
onsider depreciation. 

It is clear that, as a wasting asset gradually wears out, it 
annot be allowed to remain in the books at its original cost price, 
'his original value must be gradually reduced as the real value 
brinks. The double entry by which this reduction in value 
s recorded is a credit to the asset account, thus reducing the 
jalance remaining, and a debit to the Profit and Loss account. 

The question at once arises : By what pjnount are we to 
educe a given wasting asset in a given year ? It must at once 
36 understood that the market price or the selling value of the 
isset has no hearing whatever on this question. Fixed assets 
ire not held with a view to re-sale, and, therefore, the market 
price is entirely irrelevant;. 

The true nature of wasting a.ssets is that they repre.s'ent revenue 
expenditure (i.c. business expense) paid in advance. The only 
difference between the cost of a machine which lasts for five years 
and the cost of a man's labour for a week is one of time. Both 
are expenditures necessarily incurred in earning profits ; both 
must, thei'efore, be charged against profits. This is at once 
'apparent .if we consider the position at the end of five years. 
By that time our machine is worn out, and useless ; the money 

{ 16 ) 



" WRITING OFF " ^ . 

we paid for it is now represented by nothing of any value. *Clearly, 
over a period of five years, tlie cost of that machine is just as 
much an expeme as wages, rent or lighting. I 

The problem of depreciation only arises ^because accounts 
are usually prepared once every year, and not once in five year^ 
and the object of depreciation will be to spread the cost of the 
machine over the Profit and Loss accounts of the five years 
during which it is used. This may he done by writing off ®se- 
fifth of the original value of the machine to Profit and Loss at 
the end of eacli year, as shown in the following Table : 


Machim Account [Life, 5 years). 

1925. 1925. 

Jau. I. To Cash .. .. £500 Dec. 31. By Depreciation ;^ioo 

„ By Balance . . 400 


^5^ 

1926, 

Jan. I. To Balance .. £^00 


£^00 

19-27. 

Jan. I. To Balance .. £300 


^300 

1928. 

Jan. I, To Balance £200 


£5°° 

1926. 

Dec. 31. By Depreciation £100 
„ By Balance . . 300 

;£400 

1927 - 

Dec, 31. By Depreciation £100 
„ By Balance . . 200 

1928. 

Dec. 31. By Depieciation £100 

„ By Balance . . 100 


1929. 

Jan. I, To Balance 


;^ 200 

iioo 

;^IOO 


1929. 

Dec. 31. By Depreciation £100 
£100 


The Depreciation account is, of course, transferred to the 
Profit and Loss account. The balance on the Machine account 
at the end of, say, 1926, simply represents that proportion of the 
original cost which is determined by the ratio of the -nnexpired 
life of the machine to the total life of the machine. 
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ACCOUNTANCY 


LESSON 9 


The Balance Sheet of a Small Business 

r\ 


T he general principles of book-keeping, classification of 
accounts, divisions of the ledger, bad debts, and deprecia- 
tion entries, etc,, which have been explained in the first 
eight Lessons in this Course in Accountancy may, perhaps^ fie 
more readily understood by studying a practical illustration, 
which includes examples of all the adjustments to which references 
have been made The following is the trial balance of a sole 
trader on a small scale, as taken out at December 31, 193-2 ■ 


Tria-l Balance. 


Capital account — J. Harris 

♦ * • • 

1 

i 

4 4 4 4 I 

Dr. 1 

i 

Cr. 

2,000 

Loan account — A Harris . , 

• • » • 

4 4 • 

840 

500 

Motor vans 

4 • 4 • 

4 4 4 4 

Tixtures and fittings . . 


4 4 * • 

\ 


Stock in trade, Jan. i, 1932 


4 4 4 4 

2,850 1 


Sundry debtors 

• • • » 

4 • ( • 

4 , 52.5 


Sundry creditors 

• 4 4 4 

4 4 4 4 

28,320 

5,785 

Purchases 

• 4 4 4 

4 4 * 4 

Sale« 

« 4 • « 

4 4 » * 


33,830 

Returns inwards . . . . 

« 4 « 4 

• • « • 

500 

Returns outwards . . . , 

4 » 4 4 

4 4 4 4 

1,840 

400 

Wages 

4 4 4 4 

4 4 4 4 

Ren t . . . , . , . , 

4 4 4 4 

4 4 4 1 

240 


Telephone .. 

4 4 4 « 

4 4 4 4 

12 


Insurances 1 . 


4 4 *4 

20 


Gas 



12 


Electricity 


4 4 4 4 

a 


Sundry expenses 

4 4 4 * 


88 


Rates 



75 


Bank charges . . . . , . 



10 


Audit fee 4 . 

» » 4 * 


42 


Carriage 

• 4 4 4 

4 4 • ■ 

L 7 O 


Discounts , . . . . . , 



955 

730 

Interest on deposit 


4 4 4 4 

1 *5 

Drawing^; 

4 4 4 » 


900 


Income tax 



63 


Bad. debts reserve 



180 

Cash at bank 



460 

Deposit accouut . . . • , . 



1,000 





;^43,430 ' 

^4.3,4.30 
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BALANCE SHEET 


TMs gives us a picture of all balances in the ledger of p. Harris 
at December 31, 1932, The following adjustments are to be 
made ; , 


3 months’ rent is outstanding 

.. .. gas 

,t ,, electricity „ 

„ telephone ,, 

Insurance paid in advance 


£80 

4 

3 

3 

4 


The stock on December 31 is valued at ^3,220, The motor 
vans are to be depreciated at 20 per cent pa of the original 
cost, which was £1.000. The fixtures and fittings are to be 
depreciated at 5 per cent on the balance outstanding. 

£325 of the book-debts are to be written off as bad ; in addition, 
the reserve for bad and doubtful debts is to be increased to 
5 per cent of the total debts outstanding. 

The trading and profit and loss account is prepared by trans- 
ferring thereto the balances of the nominal accounts. It should 
be remembered that the trading and profit and loss account is a 
ledger account, and that all entries therein require an equal and* 
opposite debit or credit in some other account. 

The appropriate entries to give effect to the above adjustments 
must also be made, The trading and profit and loss account will 
be as shown in the next page. 

Having prepared the trading and profit and loss account, the 
balance sheet can be drawn up, as shown in page 21. This 
consists of a list of all balances remaining after the closing of 
the nominal accounts. 

It should be noted that the balance sheet is noi a ledger 
account. It is merely a list of balances. The preparation of the 
balance sheet does not require any entries in the ledger. 

The Ad.|usting Entries, (i) Stock at December 31. The 
trading account is credited with £3,22o,^and a new stock account 
is debited. This itejn remains as a balance in the ledger, and 
appears, therefore, in the balance sheet. 

It must be appreciated that the purpose of the trading account 
is to compare the total value of all sales with the cost of the goods 
sold. The stock of goods at the beginning of the accounting 
period (at cost pnee), with purchases (also at cost price), together 
equal the coat of all goods available for sale ; but nob all these 
goods are ‘sold, In order, therefore, to arrive at the cost of the 
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goods which have been sold, the cost piice of the closing stock 
must be deducted. This is done by crediting closing stock to 
the trading Recount, A better method of presentation would be 
to show the value of closing stock as a deduction from the debits 
to the trading account, since in this way the cost of goods sold 
Svonld be thrown up as a single figure. 


Trading and Profit and Loss Account, 
To— By- 


Stock 


Sales £33.830 


Purchase.s. , . . ^28,320 


Less returns . . 500 


Less returns . . 400 



33.330 


37,920 

Stock . , 

3,220 

Gross Profit earned down 

5.780 




£36.550 


£36.^0 

To— 


By- 


Wages . , 

£1.840 

Gross profit, brought 


Rent 

320 

down . 

£5.780 

Rates 

75 

Discounts . . . . . , 

730 

Lighting and heating . . 

27 

Interest on deposit . . 

5 

Telephone 

15 



Insurances 

16 



Carnage 

170 



Discounts 

953 



Sundry expenses ■ . . . 

83 



Bank charges 

10 



Audit fee 

42 



Bad debts 

355 



Depreciation — 





Motor van ..£^00 
Fixtures and 


Fittings . . 25 

225 

^ 4.138 

Net profit transferreri to 

Capital account, . .. 2,377 


£(>■515 £6,5T5 



(2) Expenses accrued due. The appropriate expense accounts 
•e debited with the amounts outstanding and a collective 
suspense creditors ” account is credited. The expense accounts 
e then f.losed ofif to the profit and loss account, while the balance 
1 " suspense creditors " appears in the balance sheet.- 
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BALANCE SHEEl- 


(3) Insurance paid in advance. The insurance account is 
credited with the amount to be carried forward, thus reducing the 
balance to be transferred to the profit and loss aepount, and a 
“ suspense debtors ” account is debited. The balance of this 
account (debit) appears in the balance sheet as " insurance paid 
in advance.” 

(4) Depreciation. The asset accounts (motor vans and fixtures 
and fittings) are credited with the amounts to be written off, 
and a depreciation account is debited. The depreciation account 
is closed by transfer to the profit and loss account, while the * 



Balance Sheet. 




As at December 31. 1932. 



Capital Account 



Cash at Bank 



As at Jan, i 

/2,O00 


Current account 

£460 


Add Net profit . . 

2,377 


Deposit account 

1,000 



— 


- 



£1.460 

/ 

4.377 


Sundry Debtors 

4,200 


Less Drawings 900 



Less reserve . , 

2 X 0 


Income tax.. 63 

• 


- 


3.990 


963 


Stock in trade . . 


3,220 




Insurance paid hi 






advance . . . , 


4 

Loan account . . 


500 

Motor vans 



Sundry creditors 



As at Jan, i 

840 


Trade 

5.785 


Less depreciation 

200 


Expenses accrued 

90 


Pixture.s cS: fittings 




— 

5.875 

As at J an. i 

500 





Less depreciation 

25 





* 


475 


* 

.£9.789 



£9.789 


balances of the asset accounts (reduced by the amount of the 
depreciation) appear in the balance sheet. 

(3) Bad Debts and Bad Debts IteservBj, If it is definitely known 
that certain debtors are unable to pay. the personal accounts in 
the sales ledger are credited, and " bad debts ” account is debited. 

If, in addition, a proportion off the remaining book-debts are 
expected to be bad, profit and loss account will be debited with 
the amount of the anticipated loss, and a " reserve ” account will 
be credited. 

In the above example, the balance on the reserve account at 
January t was ^£180, On December 31 it was found necessary 
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eg mercase the reserve by £30 to ,^210. The porsoiKil accounts 
actually .writteir off totalled £325. Ihus uialciuf^ a total of £355 
to debit to profit and loss. The bad debts reserve; account would 
appear as follows : 

T^o- By- 

Bad debts .. .. ^£325 Balance .. .. /i8o 

Balance . . . . 210 P. & L 353 

^ 3 ^ £ 5?,5 

By balance /210 

'The total anticipated loss due to the inability of debtors to 
pay amounts ±0^^535 . But /180 of this has already been provided 
for by debiting the profit and loss account of the previous year, 
thus leaving only to be charged in 1932. 

Malung allowances for the foregoing adjustments, it would be 
advi.sable for the student to check the profit and loss account 
and balance sheet by reference to the trial^balance. A detailed 
scrutiny, item by item, of these specimen accounts will be found 
•to aid comprehension. 

Special Points, (i) Discounts. Personal accounts of debtors 
are credited, and " discounts ” account debited ; personal 
accounts of cteditota are debited, and " discounts ’’ credited. 
The amount of cash necessary to settle the personal account is 
thus diminished. 

(3) Returns. The entries are simply reversals of the entries 
necessary to record purchases and sales on credit. For returns 
outwards, debit the personal account aijd credit " returns 
outwards." For returns inwards, credit the personal account 
of the customer, and debit “ returns inwards.” 

(3) The Capital Account. The balance of the profit and loss 
iccount is credited to the proprietor's capital account. A profit 
s necessarily represented by an increase in net assets, which 
lelong to the proprietor. His capital account shows the value 
f his possessions — the excess of his assets over his liabilities, 
'hich is increased by a profit. fl.'his excess, however, is diminished 
the proprietor withdraws cash from the business for bis own 
tivate use. The amount of the proprietor's " drarvings," as 
ich withdrawals of cash are termed, is, therefore, debited to 
s capitai account. Such an entry is clearly necessary if the 
ipital account is to record the amount by which assets exceed 
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liabilities. Assets (i.e. in tliis ca.'-e, cash) are diminished by 
drawings ; the capital account must bo diminished to an equal 
extent, , 

(4) Income Tax, It will have been noticed that income tax 
has been debited to the capital account, and not to the profit 
and loss account. That is to say, income tax has been added fo 
drawings, or the proprietor’s private expenditure, and not to 
business expenses. A little reflection will show that this is the 
con'ect view. A person earning a salary docs not regard his 
income tax payments as being a reduction ol salary ; he regards* 
it as a payment out of his salary, or income. In the same way, 
the profit and loss account of a business is designed to show the 
income of the proprietor. Income tax is paid out of that income ; 
it is not a payment which reduces the amount of income. 

LESSON 10 

Special {features of Partnership 
Accounts 

T his Lesson, and those immediately following, will deal with 
accounting featurea due to peculiarities of ownership 
and organization. We have up to the present assumed 
the ownership of a business to vest in a single individual. In 
the majority of undertakings, however, ownership is shared by 
a number of individuals. Such undertakings are of two types 
— partnerships and limited companies. The accounts of the 
former will be considered first. 

Partnership is defined by the Partnership Act of rSgo as " the 
relation which subsists between persons carrying on business in 
common with a view of profit.” It is sometimes difficult to 
determine exactly what constitutes a partnership, since certain 
types of business arrangements partake of some of the attributes 
of partnership, but not of all of them. For instance, an employee 
or servant may be remunerated "by a share of the profits of a 
business, but that does not necessarily make him a partner. 
In general terms, however, the right to a share of the profits 
of a business is prima facie evidence that the recipient is a partner, 
and if anyone claims the contrary, positive evidence to the 
contrary' must be produced. 
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Each partner is liable tor the debts and ouligatioiis of the firm 
to the full extent of all his personal property, and not merely to 
the extent of ^his share of the partnership property Should the 
assets ol a partnership be insiitacient to pay the firm’s debts, 
the partners must make good the deficiency out oi their private 
resources. All partners must contribute to such a deficiency ; 
but if, for instance, one of two partners is insolvent, the other 
is then bound to make good the whole of the deficiency, even if 
it entails the sacrifice of all his personal effects. 

For this reason, partnerships are less popular than limited 
companies. The liability of the members of companies is 
limited to the nominal value of the shares which they subscribe. 
Dn the other hand, however, companies must comply with a 
lumber of legal regulations, which to some extent restrict com- 
pete freedom of action. Partnership, therefore, continues to 
emain as a form of business organization which is becoming 
iiore and more confined to the smaller type of bu.siness 
Provisions of the Partnership Act. Noniially, partners will 
raw up a document termed a partnership agreement, which will 
efine their rights and duties as between themselves ; but such a 
ritten agreement is not essential — agreement may be verbal 
■ understood. If, however, there is no agreement, either written 
understood, then certain rules laid down by the Paidnership 
:t apply. The provisions which aflect the accountant are as 
Uow ; 

(i) All partners are entitled to share equally in capital and 
ofits and losses. 

(a) Partners are not entitled to interest capital. 

(3) Partners are not entitled to salaries for their services. 
'4) Partners are, however, entitled to interest at 5 per cent 
• annum on loans. 

t must not be assumed, if one partner contributes a larger 
re of the original capital of the firm than the other partners 
t the total capital must be credited in equal proportions to 
1 partner. Even if there were no written agreement, the 
e fact of unequal contribntiens would imply an understanding 
hare capital in those proportions. In the absence of specific 
ement, however, profits must be shared equally, even if 
tals are unequal. Similarly, losses would be borne equally, 
iractice, however, there will usually be a specific agreement 
11 these points. 
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PARTNERSHIP AGGOLN'|'S. 

It is imporlaat to nolica. that the proportions in which partners 
contribute the capital of the (irm are not necessarily, or even 
uauaily, the propintions in which they share profits, II partners, 
for instance, agree to sjiare profits while they Ixavc con- 

tributed capital in unequal proportions, it is possibla to com- 
pensate those partners who have contribiiiert largoi shares f>i 
capital by an agreement to credit all partners with intcre,st on 
capital. Such iiiteicst would be debited to the Profit and Loss 
Account of the firm, and credited in the due proportions to the 
capital accounts of the partners. It will be realized that the* 
cflect of this entry is to diminish the balance ol profit available 
for division. Now, the interest on partners' capitals is not a 
business expense in the ordinary sense. Practically speaking, 
the entry debiting profit and lo.ss and crediting partners’ capitals 
amounts to a transfer of a portion of the net profit 

Division of Profits. The final effect of the transaction is that 
the true net profit of the concern is divided unequally. The 
circumstances of th^ case make it impossible to arrange an 
equitable division of profits by an agreement to share in fixed 
proportions, and so a somew'hat more complex method is adopted® 
Under such a method the partner who has made the largest 
contribution to capital receives, in effect, the large.sl share of the 
profits ; but the amount by which his share of the profits exceeds 
the shares of the other partners is limited to a fixed sum. which 
is a different thing from a fixed proportion. And if all the partners, 
by their work, contribute equally to the jirosperity of the business, 
it is reasonable that the extra compensation for a larger contri- 
bution of capital should be limited to interest on the excess. 

On the other hand, it frequently happens that one or more 
partners devote more time to the business than others. The usual 
practice in such a case is tor the partners who devote most time 
to the business to receive an agreed salary, irrespective of what 
their shares of the net profit may be 

The efiect of all these circumstances on the books of account 
can now be briefly considered. In the first place, there will be 
not one capital account, as in thar books of a sole trader, but one 
capital account for each partner. To these accounts will be 
credited, first, the amount of each partner's original contribution ; 
secondly, if so agreed, interest theieon annually; th’ndly, in 
some cases, a salary ; and, fourthly, a sha-re of the final net 
profit. Should a loss be incurred, a share of the loss will be 
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, ACaOimTANGY 10 

;d io eacli capital account. Arty sums withdrawn by a 
er, whether in respect of interest, salary, or profit, are 
cd to hi^ capital account. The balances on all the capital 
mts combined represent the net worth of the business, that 
le excess of assets over liabilities. The balance on each 
er’s account shows the share of each in the ownership of the 
ssets, and is the amount which each would receive in cash 
business were wound up and all assets sold at a price equal 
velr book value. 

qualification must here be introduced. The usual practice 
esent is to divide each partner’s capital account into two 
ms, one of which includes only the partner’s original con- 
tion, while the second section is reserved for interest, salary, 
;s and losses, and drawings. This second section is termed 
lurrent account. 

e following example shows typical accounts. A, B, and C 
artners, sharing profits and losses in the proportions 3:2:1. 
)r the partnership agreement, interest jsn capital is charged 
Dercentp.a. C receives a salary of £200 p.a. On Dec. 31, 
the following balances appear in the partnership books ; 


A. 

Capital account 

. . £10,000 

B. 


. . 8,000 

C. 

»» ff 

, . 2,000 

A. 

Current account 

1,000 

B. 


.. 500 

C. 

Ir t0 

.. 100 

B. 

Loan account 

.. ,1,000 


e net profit for the year, before charging interest on capital, 
‘st on B's loan, or C’s salary, amounts to £^, 0 ^ 0 . 
iwings for the year amount to : 

A £ i ,5 '^o 

B. .. goo 

C. . . . . 750 


5 Profit and Loss Account is u.sually balanced before charging 
itemal items of the above nature, and the balance is brought 
to an account termed the Profit and Lo.ss Appropriation 
int. In this account, which appears in the ledger as a 
mation of the Profit and Loss Account proper, the division 
ifits between the partners is dealt with, for it must be ro- 
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PARTNERSHIP ACCOUNTS 

membered that interest on capital, etc., are not esipenses in 
the true sense. 


Profit aud Loss Appropriation Account. 


To— 

Interest on Capital ; f, 

A. 500 

B. /|oo 

C. 100 

1,000 

Interest on Loan, B . . , 50 

Salary, C. . . . . 200 

Net Profit transferred to 
Current accounts ; 

A. 900 

B. 600 

C. 300 

— 1,800 


By- 

Balance b/d 




Current Account, A, 


To- 
Drawings 
Balance c/d 


£T: 5 oo 

900 




By- 


Balance 
Interest . . 
Net Profit 


By- 


Balance b/d 
Current Account. B. 


To— 

Djaiylngs 
Balance c/d 


/poo 

650 




By- 

Balance 

Interest 

it 

Net profit 


By- 

Balance b/d 


;^ 3.^50 


£3.053 


£1,000 

500 

goo 

£2,400 


£900 


£500 

400 

50 

600 

£1.550 

£650 
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Current Account. C. 

By- 

ings * .. ;^750 Balance £ioo 

Intel est loo 

Salary 200 

Net piofit . . . . 3*^“ 

Balance c/d . . . . 50 

£750 £ 75 (^ 


ice c/d 

that a partner’s loan account must not be confused with 
tal account. A loan is not a contribution to capital In 
nt of the business being wound up and the proceeds of 
‘ts being insufficient to meet the partners’ capitals m full, 
ly partneis’ loans would take priority of capital, and 
)e paid before making any division on account of capital 

LESSON U 

urther Analysis of Partnership 
Accounts 

E ordinary trading records of a partnership concern are 
in no way different from those of a sole trader It is, 
however, as we have seen, necessary to keep accounts 
;h the rights of the partners, as between themselves, 
tal and to profits are recorded The adjustment of those 
requires special treatment upon a change in the con- 
n of the firm, that is, upon the admission of a new paitner, 
L the death or retirement of an existing partner, and also, 
le clear, in the event of a^dissolntion of the partnership, 
erms upon which a new partner will be admitted info an 
; business will be a matter for individual agreement in 
ase, but he will normally he required to introduce a certain 
of fsesh capital. Whatever sum he contributes will be 
1 to his capital account. 
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MORE ON PARTNERSHIP. ACCOUNTS 

A partner, by definition, is entitled to a share of thcprofits of 
the business in which he participates ; it therefore follows that 
the existing owners, if they decide to admit a new partner, will 
be surrendering their right to a part of the future profits of the 
undertaking. In return for this surrender, they will usuahy 
require some compensation. This compensation may take the 
form of a money payment, termed a premium. The new partner 
is, in effect, purchasing a part of the goodwill, since goodwill may 
be defined as the right to future profits. The premium usually 
paid for a share of the goodwill must not be confused with the' 
capital usually brought in by a new partner. Any sum intro- 
duced as capital does not directly benefit the existing partners 
This amount is credited to the capital account of the new partner, 
and represents his share in the ownership of the assets of the 
business ; and, if the undertaking were subsequently dissolved, 
it would be returned to him. 

The premium for goodwill, however, need not appear in the 
books of the firm a^: all ; it may be paid direct to the existing 
partners, who may treat it as a completely private possession. 
Should the premium be paid into the firm, it will be credited to 
the capital accounts of the existing partners in the proportions 
in which they share profits ; for, since .goodwill is simply the 
capitalized value of the right to future profits, the proportion 
in which partners are entitled to receive future profits is the same 
as that in which they share the ownership of the goodwill. 

Consider the following example : A and B are in partnership, 
sharing profits in the proportions of 3 to 2. On January ist, 
1932, they decide admit C as a partner ; C is to bring in £5,000 
as capital, and is to pay a premium of £1,000 for a one-fifth share 
of the goodwill. The balance sheet of A and B, prior to the 
admission of C, is as follows : 

A and B.^ 

Capitals: A .. .. £6,000 Sundry Assets £12,000 

B . . . . 4,000 

Creditors z,ooo • 

£12,000 I £12,000 

The balance sheet, after the admission of C, will be : 
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A, B and C. 

:a!s : A . . . . {6,6 qo Sundry Assets . . . . £t2,Q0o 
B - . . . . 4,400 Cash from C • . . . 6,000 


C . . . . 5,000 

itois 2,000 


;f:8,ooo ^18,000 


id A and B received the £1,000 privately from C, and sub- 
ently decided to invest it in the firm as additional capital, 
josition would still be as above set forth, 
some cases, however, a new partner is not required to pay 
imium. In such an event, the existing partners will usually 
pensate themselves by raising a goodwill account in the books 
le firm. If we take the same set of circumstances as in the 
'e illustration, and assume that C can only raise ^5,000, 
, since the premium for which C had been asked was £1,000 for 
e-fiftb share of the goodwill, it follows ^at the whole good- 
is worth ,^5,000. A double entry would be passed, 
ting a new account, headed "goodwill," with £5,000, 
crediting ;^3,ooo -fo A’s capital account and £2,000 to B’s 
tal account. 

le balance sheet is then as follows : 



A, B 

and C. 


itals : A 

• • • • 

Sundry Assets . , 

. . ;^IZ, 00 O 

B 

. • . . 6,000 

Cash from . . 

.. 5,000 

C 

. • . , 5,000 

Goodwill , . . . 

. . 5.000 

litOTS 

• • . . 2,000 



£ 22,000 


£ 22,000 


will be noted that no goodwill is credited to C’s capital 
unt. Now, normally, the goodwill account will not be allowed 
emain in the books. It will be written off ; that is to say, 
)uble entry will be passed crediting goodwill account with 
00 and debiting the capital accounts of the three partners, 
ha proportions in which they share profits and losses, i.e. 
S’ ® T5>^®d C For since C is now a partner ' he must 
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TEBTIN& OF AIRCRAFT MATERIALS. F g. 4 1 lying DOdt under tebt lor landing In 

rough water, the assumption is made that the boat lands on two waves icceiving 
severe shocks at each end Iroin the impact, and loads are applied by means of screv. 
nclb and levers Fig. 5 Metal built up spar under test for increasing loads tin. 
load IS increased until the spar breaks Aeronautics 20 
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AERODROIVtE CONTROU TOW-ER8. Fig, 3. Control tower at Croydon 
aerodrome j in addition to the main control room, it includes a 
meteorological office and a wireless room where the latest weather 
reports are received and broadcast to pilots, who are able to keep 
in touch with the aerodrome throughout their journe}'- Fig. 4. Interior 
of the control tower at Wayne airport, Indiana, U.S.A. Aeronautics 21 
Courtesy oj The Jioya.1 Aeronautical Society 
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LESSON 12 

Dissolution of Partnership 

W HEN a partnership is dissolved, it becomes necessary to 
distribute the assets among the partners, and to deter- 
mine the amount due to each. The first step will be 
to prepare a Profit and Loss account up to the date oi dissolution,® 
and to credit each partner with his share of the profit accrued. 

It will be remembered that it does not follow that the value 
of the assets as shown in the Balance Sheet is always their true 
value. For purposes of dissolution the true value must be 
ascertained. The normal practice is to realize, or sell, the assets, 
and to distribute the proceeds. The business may be sold as 
a going concern, for a lump sum, or, alternatively, the assets may 
be realized piecemeal. In some cases a proportion or all of the 
assets may be taken* over by one or more of the partners at an 
agreed valuation. From the point of view of the partnershipf 
it makes no difference whether assets are puroha.sed by partners 
or by Outside individuals ; a partner purchasing partnership 
assets does so in his private capacity, and is liable to account to 
the firm for the purchase price, in the same way as any other 
purchaser. The circumstances under which the assets are 
realized may vary in many ways, but m every case the principle 
is the same : the assets of tlie partnership are sold, and tlie 
proceeds are used, first, to pay the liabilities of the firm, and, 
secondly, to repay the partners' capitals. 

From what has been said, it will be clear that the proceeds of 
the realization may be greater or less than the book value of the 
assets. Any surplus or deficiency is a profit or a loss, and must 
be shared by the partners in the same proportions as any normal 
profit or loss upon trading. ® 

The accounting procedure for these transactions is as follows : 
(i) The assets must be transferred to a Realization accomit, 
which is opened for the purpose. 

( 2 ) As the assets are sold, the proceeds arc credited to the 
Realization account. 

The Realization account now becomes a kind of Profit and 
Loss acciount. On the debit side appears the book value of the 

( 3.1 ) B 4 



ACCOUNTANCY 12 

assets to be sold ; on the credit side appears the selling price. 
The difference between the two sides of the account is the Profit 
or Loss on. Realization, and is transferred to the Capital accounts 
of the partners, in the propoi-tions in which they share profits, 
(3) The proceeds of the Realization account arc debited to Cash 
account. The liabilities are paid off, and the balance of the Cash 
account should now equal the total amount standing to the 
credit of the partners’ Capital accounts. An entry crediting 
Cash and debiting the partners’ Capital accounts will now close 
the books of the firm. 

The following example illustrates this procedure, 

A, B and C are in partnership, sharing profits in the proportions 
5, 3, 3. On June 30, 1932, they decide to dissolve partnership, 
and on that date the Balance Sheet of the firm is as follows : 

A, D and C. 


Capital Accounts ; 


Cash at Bank . , 

£700 

A, . . £8,000 


Sundry Debtors 

6,000 

B . . 3,300 


Stock in 1’ rad 0, . 

8,600 

" C , . 500 


Leasehold Premises. . 

2,400 

— 

12,000 

Plant and 

Loan Account, B ,,, 

1,000 

Machinery . . 

5.300 

Sundry Creditors 

10.000 



£23,000 


£23,000 




The assets are at once realized, at the following figures : 
debtors, ; stock, ^£5,000 ; leasehold* premises, £3,200 ; 

while the plant and machinery are taken over by A, at an agreed 
valuation of £2,700. AH the asset accounts, with the exception 
of cash, will be closed by transfer to the debit of Realization 
account, which will appear as shown in the next page. 

The Realization account has been credited with the cash 
proceeds, the corresponding debit being, of course, to the Cash 
account. Strictly speaking, A should pay £2,700 in cash for 
the plant and machinery, but, since the final balance on A's 
Capital account will exceed this figure, and, since, therefore, A 
will receive a larger sum in cash when the final distribution is 
,TOade, it is more convenient to debit this amount of £2,700 to 
Capital account, thus reducing the amount he will receive 
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Whichever method is 

employed. 

the result is the same 

The 

method here adopted 
minimum 

reduces the transferring of cash 

# 

to a 

Reahzaiion Account 


To— 


By Cash — 


Sundry Debtors . . 

£6,000 

Debtors £3,^00 


Stock in Trade 

8,600 

Stock . . 5,000 


Leasehold Premises 

2,400 

Premises 3,200 


Plant and 


— 

13,600 !» 

Machinery.. 

5,300 

A- — Plant and 
Machineiy .. ,, 

2,700 


16,300 

Loss on Realiza- 
tion — 

A-, . . 3,000 

B, -5^ . . l,8oo 

C, . . 1,200 

6,ooo» 


£22,300 


£22,300 


The cash leceived will be used, first, to pay the ci editors, 
secondly, to repay B's Loan account, and, finally, to repay the 
partneis’ capitals. The Cash account will then appear ; 


Cash Account 


To— 


By- 


Balance 

. . J^ 7 oo 

Sundiy Creditors. 

.. £10,000 

Realization % 

, , 13,600 

B, Loan % . . 

. . 1,000 


Balance 

• 

• . 3.300 


£2‘\.3oo 


1^14,300 

Balance 

• ■ £3,300 




The only accounts which have not been closed off at this noint 
are the Cash account and the partners' capital accounts, 
paitneis’- capital accounts appear as follow : 
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A — Capital Account. 


To— 

By- 


Realuatiop %, 

Balance 

. . . . ^8,000 

Plant and Ma- 
chinery 

£2,700 


Lost, on Realwation 

3,000 


Balance , , . 

2,300 



£&,ooo 

£8,000 


Balance 

.. .. £2,300 

To— 

S — Capital Account 

By— 


Loss on Realization 

£i,Soo Balance 

• • • • £3.500 

Balance 

1,700 



1 ^ 3,500 

£3.500 


Balance 

.. .. £1,700 

To — 

C — Capital Account. 
By— 


Loss on Realization 

£i,zoo Balance 

• > . . £500 


Balance 

. - . . 700 


£x,2oo 

» 

£1,200 

Balance . . . . 

£700 



Tbo credit balances on the accounts of A and B total ;44,ooo 
If tlie debit balance of £700 on C’s account is deducted, the net 
credit balance is £3,300, which equals the balance of cash 
avarlable for diainbution Since C's Capital account is m debit, 
he must make good the deficiency, and pay m £700 m cash This 
■will enable A and B to be paid in full The closing entries will 
appear as follow ; 


A — Capital Account 

, £2,300 By Balance .. .j £2,300 

I riE \ 


To Cash 



DISSOLUTION OF PARTNERSHIP 
B — Capital Account. 


To Cash . . 

.. i^,^oo By Balance 

C — Capttnt Account. 

£1.700 

To Balance 

, . £700 By Cash . . 

Cash Account. 

£700 

To— 

By- 


Balance 

• • A. — Capital % 

£2,300 

C — Capital % 

. . 700 B — Capital % 

1,700 


^4,000 

£4,000 


The books of the firm are now closed. One special point mu.st 
be noted. Had C been insolvent and unable to make good his 
deficiency, it is clear that A and B could not be paid in full. 
The question arise.s in what proportions would A and B share 
this additional loss of ? C's account must be closed, and 
the Capital accounts of A and B must be debited. In what* 
proportions ? The answer is not, as one would expect, in the 
proportions in which they share trading profits and losses, that 
is, 5 to 3, This ratio is applied for profits and losses upon 
realization, but fiot for losses due to the insolvency of a partner. 
Such losses must be borne in the ratio of the solvent partners’ 
last agreed Capital accounts. It will be observed that A's and 
B's Capital accounts are in the proportions of 16 to 7. It might, 
however, be necessa,ry to ascertain the ratio from the last normal 
balance sheet, prior to the dissolution. In any event, it is clear 
that this rule, which was first stated in the case of Gamer v. 
Murray, might have a very important bearing on the final 
distribution of cash between the solvent partners. 

In practice, the process of realization may be fairly prolonged, 
and it is not improbable that, in such cases, the partners may 
desire an interim payment on account of the capital due to them. 
Any such interim distribution must be made very cautiously. 
No payment should be made which might, under possible cir- 
cumstances, have to be returned, since, if the partner to whom 
such a payment was made was in financial ditficulties, it might 
be impossible to recover the money. The only way to prevent 
this happening is to assume that the assets remaining unrealized 
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will be found to be worthless. ; that is to say, the greatest possible 
loss on realization must be provided for. 

Let us copsider the following case of the Balance Sheet of 
A, B and C : 


Capitals, A . . . . ^fio.ooo 

B . , . . 8,000 Assets ^^20,000 

C . . . , 2,000 

{fio,ooo ^20,000 


Three months after the cessation of business the total proceeds 
amount to ^£10,000. Assuming that nothing fuither will be 
received, the loss on realization would clearly amount to ^10,000 
(;^2o,OQo — ^10,000), 

If the partners share profits and losses in the proportions 
A f, B and C I, the loss on realization would be borne as to 
A ^4,000, as to B ;£4,ooo, and as to C £2,000. In this case, C's 
"loss equals his capital, and he would receive nothing. Therefore, 
in distiibuting the ,£10,000 that is available, nothing should be 
paid to C. 

This possible loss on realization would reduce A’s capital to 
£6,000 and B’s to ^4,000. The £10,000 cash should be divided 
between A and B on this basis, A receiving £6,000, and B receiving 
^4,000. 

The Capital accounts of the partners will now be : 

A, ;£4,ooo (£10,000, less £6,000 cash). 

B, £)4,ooo (^8,000, less .£4,000 cash). 

C, £2,000 


£10,000 

It will be noticed that the Capital accounts are in the pro- 
portions of 2, 2, I, which is the profit-sharing ratio. 

If any further sums are realized, any further interim distri- 
butions should be made in the proportions of 2, 2, i. In this 
way, no partner will receive a penny which, under any oircum- 
satnees. he can be called upon to return. 

Out Course in Accountancy is continued m Volume 5, 
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LESSON 20 . . 

Testing Aircraft Materials 

(Sec plates t and dl 

A brbakdown in an aeroplane may have much more 
serious consequences than one in a car. If the engine 
of a car stops, the car itself can be pulled up beside 
the road till the fault has been discovered and remedied But 
in the case of a similar failure in the air the aeroplane usually, 
unless it is a multi-engined machine, must come down. 

For that reason the greatest possible care is taken to make sure 
there will be no breakdown Not only are all aircraft materials 
carefully inspected and passed by a special department of the 
Air Ministry, known as the Aeronautical Inspection Department, 
but during the whole time the aeroplane is being constructed it 
is constantly under inspection. Finally, when it is complete 
and leady to fly, it is again inspected by the official ground 
engineer. Nothing, from the engine itself to the very rivets* 
and bolts and nuts, is overlooked The British Aeronautical 
Inspection Department is one of the most efficient organizations 
of its kind in the world, and it is due to the constant watch and 
care it exeicises that Biitish aircraft have such a high reputation 
for safe construction. 

Certain specifications for materials are laid down and the 
materials used in aircraft must be up to the necessary standard. 
Most metals, for example, have to undergo tests for strength, 
hardness, ability to bend without breaking, and resistance to 
blows Special testing machines are used for these tests, and 
specimens of the metal are selected at random, as they come into 
the aircraft factory, for testing. In many cases materials are 
also X-rayed, so that any interior faults can be seen. Any 
material showing the slightest fault is at once rejected. 

Not only are separate parts of aeroplanes tested, but at 
intervals a whole aeroplane is tested to destruction after it has 
been built, in order to find out how close its actual strength is 
to its calculated strength, 

The same kind of tests apply to engines. Every new type of 
engine before it is used has to undergo severe Air Ministry tests, 
running for many hours at full throttle After these tests they 
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arc dismantled and thoroughly examined for wear and tear. 
Any engine which comes through these tests successfully cair be 
relied upon not to break down save in very exceptional circum- 
stances. It will give an idea of the standard reached by aircraft, 
engines that they are often run for loo.ooo miles or more without 
tning taken down and overhauled. Very few motor-car engines 
would be capable of such long running without overhaul. 

It is impossible to give more than an outline of the test.? which 
are carried out Fig i (plate i) shows a machine which is used 
J.OT testing the fatigue of metals. Metals get tired just as do 
human beings. - They will often stand up to a big load for a short 
time, hut gradually get weaker under a smaller load over a long 
time, or a vibrating load, such as comes on the crankshaft of an 
engine. This gradual giving way can easily be seen in an ordin- 
ary bookshelf. The shelf takes a load of books without breaking, 
but after some months it will be noticed to be sagging. In the 
machine illustrated test pieces have as many as twenty to thirty 
thousand alternating loads applied to them, and in other machines 
as many as a million load reversals are applied to the test pieces. 
q The Amsler impact testing machine is shown in Fig. 2. In 
this machine the test piece is subjected to several hundred blows a 
minute. Many of the moving parts of aircraft engines are con- 
stantly being subjected to blows during the whole time the 
engine is running, and this kind of test enables the engine designer 
to make sure of the strength of the materials he is using. 

A test being carried out on a completed all-metal engine 
nacelle of a big, three-engined flying boat is illustrated in Fig, 3 
(plate l). The engines used in these big boats weigh half a 
ton, and when they are running develop considerable stresses 
in the nacelles containing them. The nacelle is fixed at one end 
and a gradually increasing load applied at the other by means 
of chains and heavy levers. Spring balances register the exact 
load at which the nacelle breaks. In this type of construction, 
as with the monocoque fuselages described in Lesson 8 (Volume 2, 
page 12), it is very difficult to calculate the real strength, and the 
only satisfactory method of discovering it is to carry out a destruc- 
tion test on a completed nacelle or fuselage. 

The way in which a large flying boat is tested for landing in a 
rough sea is shown in Fig. 4 (plate a). The assumption is made 
that the boat lands ^on two waves — one near the bows and one 
near the tail — so that for a moment it is unsupported by the 
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water in the middle, and receives severe shocks at each end 
from the impact of landing. This is one of the worst things 
which can happen to a flying boat The loads are applied to tlie 
hull under test by means of powerful sciew jacks aiid levers It 
may appear costly to carry out such kinds of tests, but the cost 
is very little compared to the amount saved by finding out in thi? 
way the right typo of construction, and so saving repairs after 
building Seaplane floats are tested in a veiy similar way 

A test being earned out on a metal built-up spar is illustrated 
in Fig 5. How the spar behaves under stcadily-iiicreasiug loads 
until it actually breaks is careiuUy noted, so that it can be judged 
how it will behave undei the forces coming on it in various 
manoeuvres. This type of testmg machine will take spars up 
to 100 teet in length and apply loads to it up to 100 tons, In a 
similar way ribs and whole wings of aircraft are tested, tail 
planes and controls, and so on. No part is overlooked to make 
British aircraft the safest in the world. Petrol tanks are dropped 
from heights and tested in other ways to find out how easily they 
burst, and from these tests tanks have been evolved which will 
remain whole even after a severe crash and so lessen very» 
coiisideiably the chance of fire. All new types of lauding 
wheels are tested to destruction to find out loi what weight 
and type ol aeroplane they are most suitable. 

There are many other tests carried out besides those of the 
actual strengths ol the materials used — tests to show the way the 
aeroplane will behave m the air, or a seaplane or fiymg boat on 
the water, These tests are described in Lesson 2/^. 

LESSON 21 

Aerodromes and Their Equipment 

(Sec plates 3 — 6 ) 

T he time is rapidly coming wheh properly designed and 
equipped aerodromes will be almo.st as common as 
railway stations. The design, equipment and staffing 
of the number of aerodromes which will be in existence will require 
a very large personnel, and will offer a new scope for employment 
which is only at the moment in its infancy. 

Many people have an idea that any large field with a reasonably 
smooth surface is good enough for an aeroplane to land on, and 
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any suitably sized shed good enough to serve as a hangar. 
Nothing IS less true, The rapid increase in air traffic and in 
travel by night calls for the most careful aerodrome dc-signing. 
From the point of view of the surface and the size of the area 
cho.sen, a site might appear ideal But there are other considera- 
*lions which have to be talcen into account— the nature of the 
surrounding country, the general type of weather, the possibility 
of expansion of the town the aerodrome proposes to serve, and 
so on It would be of little use choosing a fine space of ground, 


for example, in a district which was notorious for its fogs. And 
any place selected must have easy road or rail facilities. 

Landing Surfaces. Aerodromes for public use must be licensed 
in this country, and they must be of a certain minimum size, 
in order to give an aeroplane a clear run in all directions for 
getting off or landing For larger types of aeroplane the 
landing gromid must not be less than 800 yards in any direction, 
,, .... and pieferably 1,000 yards. 


surface of the aero- 
/\ ^ drome usually consists of 

■ ^ , . ' / / \ grass intersected with con- 

,5/ v/ \ Crete runway.s for getting 

7 A \ ’ landing on. A 

C ' y / \ \ giass-groundetl aerodrome 

/ \ \ quite suitable for small 

\ \ aeroplanes, but not for 

y.--' '--sX large commercial air liners 

weighing many tons and 
! '''''x-"’” N '7^ landing or getting off at 
BP V ' speeds. 

v^-C/ ' The ideal method, of 

‘ ^ course, is to have a com- 

AERODROME design. Fig. 1. Diagram of n]p<plv ennpvpfp onrfopp 
Simple pattern consisting of three concrete Pwtefy conciete surface, 

runways. but this is not usually possi- 

CouricAy of fhc Roynl Aeronauflcal Society »• 

Die on the score of expense. 
If the concrete runways are properly arranged, however, an 


aeroplane can land or get off Into the wind, or almost into the 


wind, iu whatever direction it may be blowing. Fig. i shows a 
simple runway pattern which has been adopted in some airports 
and only requires three runways. This pattern enables the 
control tower, hangars and other buildings to be conveniently 
I; placed- for the arrival and departure of aeroplanes and passengers. 
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Airport Buildings. The airport or aerodrome bidlclings are as 
important as railway station buildings, and have to be designed 
not only from the point of view of comfort but of easy access to 
the waiting aeroplane. In bad weather passengers must step 
straight into the shelter of a building and not be called upon to 
cross the aerodrome. In America, where passenger dying htlS 
developed on a very large scale, this rs recognized, ancl the 
aeroplane can either taxi right into one of the buildings, or 
Covered-in gangways can be run out across the intervening space 
between the waiting aircraft and the building, and so protect the« 
passengers. Accommodation at all modern aerodromes must 
provide for administration and staff, passengers, and the public 
which wishes to watch the arrival and departure of aeroplanes. 

A view from the air of the airport at Croydon is shown in 
Fig. 2 (Plate 3). This is one of the customs airports where all 
passengers arriving from the Continent have to declare their 
luggage in just the same way as at an ordinary customs port. 
There is an hotel in connexion with the airport and the control 
tower, an enlarged view of which is shown in Fig. 3 (Plato 4), 
can be seen in the buildings on the left. To the right are the* 
hangars, and to the left the passengers' waiting-rooms, customs 
room, etc. Sweeping round to the right can be seen the concrete 
runways or aprons, as they are known, leading to the hangars. 

The Control Tower. From the control tower, which every big 
aerodrome or airport has, all aircraft entering or leaving are 
signalled in and out by the control officer. At Croydon, for 
example, no aeroplane is allowed to land until it receives per- 
mission to do so, or it may collide with some other aeroplane 
getting off. v/Thero are international rules for the way an 
aeroplane shall approach an aeroplane or pass other aeroplanes, 
and with increasing air traffic it becomes highly necessary that 
these rules shall be strictly observed. In the control tower the 
latest weather reports are received and broadcast by wireless to 
aeroplanes, and from the control towlr constant touch is kept 
with the big passenger liners flying along the air routes. Any air 
liner flying between Croydon and Paris, for example, can call 
up Croydon from the air anywhere along the route and ask 
for information ■which the pilot requires, or give Croydon warning 
of any special difficulty in flying or particulars of local weather. 
Fig. 4 shows the interior of the control tower of one of the United 
States aerodromes, Wayne, Indiana. It will bo noticed, as in 
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the case of all control towers, it has a glass roof and sides, so that 
the control officer has no difficnlty in seeing in all directions. 
Fig. 5 (Plate ,5) gives a close-up view of the hangars and con- 
crete apron at 1 he famous Roosevelt Field aerodrome, and Fig 6, 
shows the modern type of airport building at Broolclands, Surrey. 
’"IVlethods of Lighting. The aerodrome and airport of the future 
will be used day and night just as railway stations ai'e. Already 
there are many thousands of miles of lighted airways throughout 
the world, and more routes are being lighted for night flying 
•^very year. Every aerodrome used at night has to be outlined 
with boundary lights, and lights are placed on every obstruction. 
Mobile and fixed flood lights are used to light up the surface of 
the aerodrome for night landing. The fixed lights often include 
flush lighting along the runways. These flood lights are con- 
structed to eliminate dazzle. 

An important part of the lighting is the airport beacon, usually 
of a rotating or flashing type, and very similar to a lighthouse 
beacon. These airport beacons flash a given code by means of 
which the aerodrome can be recognized. Wind indicators are 
rlso illuminated, so that the pilot can see at night in which 
direction to land. Fig. 7 (Plate 6] shows a standard airway 
deacon and Fig. 8 a rotary reflector beacon. Many major airports 
have now installed Lorenz type blind approach and landing 
beacons 


LESSON 22 

Engine Instruments 

(Sec plates 6 and 1 ) 

C ERTAIN instruments are necessary on an aeroplane not only 
in order to indicate to the pilot whether his engma is 
running properly or not, but to tell him that he is flying 
properly. In general terms there are three sets of instruments 
on the dashboard in front of him : (i) engine instruments, 

(2) navigation instruments, and (3) flying instruments. Fig. i 
shows diagrammatioally the instrument board of the Handley 
Page Hampden used in the Royal Air Force, and gives an 
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instrumeiits may lessen, and in some ctiscs ccrlain instruments 
are being combined together, so that one reading on tho dial 
gives the piloj, all the information or vvariiing he wants. 

One of the most important of the engine instruments is the 
engine revolution indicator, which tells the pilot the rate of 
revolution of the engine crankshaft. It is important, because it 
warns the pilot when there is a falling off in the speed, and so 
the power of the engine, upon which the whole of his flying and 
manoeuvring ultimately depends. By watching the indicator 
*i 3 ie pilot is able to prevent the engine " over-revving," which 
may cause disaster, and to see that it is properly run up on the 
ground before he takes off for a flight. 

There are many types of engine revolution indicators. In 
the centrifugal type the ordinary principle of tho Watt governor 
fitted to stationary engines is used The accuracy of these 
instruments is of a very high order. They will, for example, 
indicate tie revolutions of an engine running between 600- 
2,600 revolutions per minute to within twenty revolutions. When 
a number of engines are used, as in large aeroplanes, a large dial 

often fitted on each engine nacelle. This can be road from 
the pilot's cockpit, and lessens any inaccuracies which might 
ari.se by fittmg the instrument on the dashboard and using a 
long, flexible driving shaft. Fig. 2 (Plate 6) shows a typical 
engine revolution indicator as used in the Royal Air Force. 

On British commercial aircraft a chronometer type of indicator 
is used. This t3ipe measures the revolutions during successive 
time intervals of definite length. Fig. 3 shows one of the best- 
known of these instruments, the Tel engine-speed recorder. 
At the top of the instrument will be noticed tho automatic chart 
which records the speed of the engine during the whole of tho 
journey made by the aeroplane. Various electric types of 
indicator are in use, but at present they have certain disadvantages 
which make them less practical than the centrifugal and chron- 
ometer types. Other typSs, depending upon the fluid pressure 
produced by a pump driven by the engine, are also used, but 
they have the disadvantage of not always indicating, as rapidly 
as other types, quick changes in the speed of the engine, though 
in general working they are very reliable. 

Olio of the difficulties in flying is to indicate the depth of fuel 
in thq petrol tanks, An aeroplane moves ht a very high speed, 
fand ifhere is a constant swirling of the petrol in the petrol tank. 
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As aeroplanes, too, fly under great variations of height and 
temperature, any instrument measuring the amount of petrol 
has to take these factors into account. Most of the Juel indicators 
used are similai to those employed on motor-cars, but are not 
usually accurate enough for aeroplane work Tlnee fuel contents 
gauges are shown on the instrument board m Fig. i to indicaU 
the level of the petrol in the three main tanks There is also a 
gravity tank oveiflow indicator 

Another important instrument is the pressure gauge, used to 
indicate the pressure of the fuel supply and the oil. These gaugeST*' 
like all other mstruments, have to work under wide variations of 
temperature and height, and must be proof against vibration 
The oil pressure gauge on the dashboard may be at some 
considerable distance from the engine, and this creates a difficulty 
in accurate measurement of the pressure, since the oil cools and 
thickens in a long connecting pipe. The difficulty is got over by 
filling the connecting lube with a non-freezing liquid, the oil 
pressure being transmitted to the mixture by means of a flexible 
diaphragm. Fig. 4 (Plate 7) shows the Amyot gauge 
The overheating of an engine in an aeioplane may have a very 
serious effect Thermometers are used for indicating not only 
the temperature of the oil and the water in the ladiators, but also 
atmospheric temperature. They are all required to safeguard 
the pilot against overheating the engine and bonling the water in 
the radiator ; overcooling the engine and freezing the water ; 
and overheating and overcooliug the oil An air temperature 
thermometer is necessary to obtain corrections for the height- 
recording instruments, or altimeter. 

LESSON 23 

Flying Instruments 

(Sec plate 7) 

« 

T he air speed indicator measures the speed of the aeroplane 
in relation to the an through which it is moving. It 
does not, save in exceptional circumstances, measure 
the speed of the aeroplane relative to the ground below, a fact 
which cannot be over-emphasized. The air speed mdicatoi, 
for example, may show that the aeroplane is moving at 120 
miles an hour thiough the air. But if there is an adverse wind 
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of, say, 20 miles aii hour, the actual speed o£ the aoioplauc over 
the ground will only be loo miles an hour. The actual ground 
speed, as it is called, cannot be measured directly by any instru- 
ment, and has to be calculated in various ways. 

The most common form of air speed indicator is the one known 
Us the Pitot tube. It consists briefly of two tubes so airanged 
that the pressure in one vanes as the speed of the aeroplane, 
and 111 the other is independent of that speed. Between the 
tubes is a diaphragm connected to a pointer, and as the diapliragm 
ris distended by the difference in pressures, the needle moves 
over a dial and so recoids speeds. The Pitot tube is usually 
mounted on one of the struts of the aeroplane. 

As the principle of the instrument depends upon pressure, and 
as the density of the atmosphere vanes with height and tempera- 
ture, the air speed indicator is only accurate at one height and 
one temperature ; it must therefore be corrected for others. 
It is u.sually correct for readings at ground level, and consequently 
reads too low a speed as the height increases. The speed may be 
calculated by means of an instrument known as the Appleyard 
mir speed computer, or by multiplying the indicated speed by a 
constant.' Fig. i (Plate 7) shows the dial of the Smith air 
speed indicator. 

Altimeter. The altimeter is another important in.slrnment 
carried' by aircraft It gives the approximate height of the 
aeroplane above the ground. Many altinictBis have an adjust- 
able zero mark, so that the height is given above this zero. It 
may be the height above sea level or the height above the place 
of departure. Usually it is set as for sea level. 

The reading of an altimeter varies with temperature and height, 
and the reading may be given above or below the real height 
the aeroplane is above the ground. The principle of the alti- 
meter is that of the ordinary aneroid barometer, giving read- 
ings in heights instead of variations of atmospheric pressures. 

The failure of the normal altimeter to record height within 
the limits of accuracy required for flying has led to the develop- 
ment of other methods, of which the mo,st promising is the 
acoustical one. Briefly this method consists of an instrument 
which give.s the time taken for an echo of a sound from the aero- 
. plane to the ground to be received. 

, Turn and bank indicators, as their names imply, are instru- 
’ ments for indicating the direction in which an aeroplane is turning 
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alid the amount which a machine is banked during the turn. 
If an aeroplane is not banked sufficiently when turning it will 
sideslip. There are hjany types of turn and bank indicators, 
one of the best knoyrn being the Reid. This combines the 
functions of both instruments and also that of an air speed indp 
cator. Red and green lights are used to indicate the amount 
of the turn. Fig. 2 shc^ws the instrnrnent with the cover removed. 
Tlie top row of lights 
A is controlled by the 
mercury in a U-tube, 
which, by making 
contact between wire^ 
fused in the U-tube. 
lights up one or mor^ 
of the lamps. The Un 
tube is the equivalent 
of the ordinary bubbl<5 
or spirit level carriecl 
in some aircraft, anq 
tells the pilot whether 
his aeroplane is flyinfj 
level or not, so warn, 
ing him he is tnrning, 

The lower lights B ar^. 
controlled by a small 
gyroscopic wheel. The 
lights go up according 
to the rate of turn 
and its direction, sij 
that the pilot has cle^r and visual warning of how he is turntag. 

flUKvnasR Ulhp is laost izapo2-tss>i: 

carried by aircraft, and is necessary for navigation over long 
distances where the ground below is either not visible or . the 
landmarks are unknovyu. The magneCs in aircraft compasses are 
supported in liquid. All aircraft compasses are subject to errors, 
partly due to the fact that they arc being carried in fast-moving 
aeroplanes, partly du^ to the earth's magnetism, and partly due 
to the metal in the aeroplane. 

If an aeroplane is on a banked turn heading towards the 
magnetic north the compass card will move in the same direction 
as the aeroplane. Sojiretimes, in fact, the card will move faster 
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of, say, 20 miles an hour, the actual speed of the aeni]jlaiu' over 
tlie ground will only be loo miles an hour. 'I'he rieUial grmind 
speed, as it is called, cannot be measured directly by iiuy uislru- 
ment, and has to bo calculated in various ways. 

The most common form of air speed indicatoi is the one known 
Iks the Pitot tube. It consists briefly of two tubes so '.unanged 
that the pressure in one vanes as the speerl of the aeioplaue, 
and in the other is independent of that speed. Between the 
tubes is a diaphragm connected to a pointer, and as the diaphragm 
•nis distended by the difierencc in pressures, the needle moves 
over a dial and so records speeds. The Pitot tube is usually 
mounted on one of the struts of the aeroplane. 

As the principle of the instrument depends upon pressure, and 
as the density of the atmosphere varies with height and tempera- 
ture, the air speed indicator is only accurate at one height and 
one temperature ; it must therefore be corrected for others. 
It is usually correct for readings at ground level, and consequently 
reads too low a speed as the height increases. The speed may be 
calculated by means of an instrument known as the Appleyard 
mir speed computer, or by multiplying the indicated speed by a 
constant. Fig. i (Plate 7) shows the dial of the Smith air 
speed indicator, 

AUlmeter. The altimeter is another inipovtant instrument 
carried by aii'craft. It gives the approxiniaie height of the 
aeroplane above the ground. Many altimeteis have an udjust- 
able zero mark, so that the height is given aLiovu thi.s zero. It 
may be the height above sea level or the height above the place 
of departure. Usually it is set as for sea level. 

The reading of an altimeter varies with temperature and height, 
and the reading may be given above or below the real height 
the aeroplane is above the ground. The principle of the alti- 
meter is that of the ordinary aneroid barometer, giving read- 
ings in heights instead of variations of atmospheric pressures. 

The failure of the normal altimeter to record height within 
the limits of accuracy required for flying has led to the develop- 
ment of other methods, of which the most promising is the 
acoustical one. Briefly this method consists of an instrument 
which gives the time taken for an echo of a sound from the aero- 
plane to the ground to be received. 

Turn and bank indicators, as their names imply, are instru- 
ments for indicating the direction in which an aeroplane is turning 

( 48 ) 



FLYING INSTRUMENTS. 

alid llu’ amount whioh a machine is banked dnnng the turn 
If an tiBioplane is not banked siifiiciciitly ivhen tinning it will 
sideslip Theie are many types of turn and bank indicatois, 
one of the best known being the Rt id T Ins c oinbmrs the 
functions of both instruments and also that of an an speed indi- 
cator Red and gieen lights are used to indicate the arnounT 
of the turn Fig 2 shows the instrument with the co vci lemoved, 

1 he top row of lights 
A lb controlled by the 
meicury m a U-tnbe, 

Which, by making 
contact between wnes 
fused m the U-tube, 
lights up one or more 
of the lamps The U- 
tube IS the equivalent 
of the ordinary bubble 
or spirit level earned 
in some aircraft, and 
tells the pilot rvhcthei 
his aeroplane is flying 
level 01 not, so warn- 
ing him he is tuiiung 
The lowei lights B arc 
conti oiled by a small 
gyioscnpic wheel The 
lights go up aceoulmg 
to the late of turn 
and its direction, so 
that the pilot has cleai and visual warning of how he is tuiniiig. 

Compass, 'the compass is the most uiipoitant mstiumont 
earned by airciaft, and is necossaiy for iiaMgatioii over long 
distances wlieie the giound below is eithei not visible or the 
landmarks are unknoivn The ^lagIle 1 ^ in aiiciaft compasses aie 
supported in liquid All aiieiaft compasses are subject to eiTois, 
paitly due to the fact that they aie being earned m fast-movnig 
aeroplane-s, partly due to the eaith’s magnetism, and paitly due 
to the metal in the aeroplane 

If an aeroplane is on a banked turn beading towards the 
magnetic north the compass card will move in the same direction 
as the aeroplane. Sometimes, m fact, the caid will move faster 
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than the aeroplane, and will appear 1o indicate that the aeroplane 
is turning in the opposite direction to which it actually is. Thi.s 
is known as, the Noitlierly Turning Error. It was this error 
which fiequently caused a pilot to lose all sense of du'eetion in 
^loiidb and go into a spin The compass is also alTected by the 
way a machine is flown, even on a straight course, as the aero- 
plane in the best of circumstances oscillates .slightly from side 
to side. What is known as the aperiodic compass has lessened 
considerably the errors of the ordinaxy compass, and such com- 
^passes are now used in most aii'craft. Fig. 3 (Plate 7) shows 
the 6/18 Mark in apeiiodic compass made by Messrs. Henry 
Hughes and Son, Ltd 

The earth inductor compass, an American invention, is a type 
of aircraft compass coming widely into use, as it offers many 
advantages over the ordinary magnetic compass. It has been 
laigely used on long-distance flights. In modern aeroplanes, 
built of metal, the ordinary compass may be so affected that it 
becomes unreliable. The earth inductor compass has an electric 
generator which delci mines the direction and corresponds to 
*the needle in a magnetic compass. Fig. 4 shows the earth 
inductor compass. Any deviation from the course is shown on 
the indicator. 

For long-distance navigational purposes certain other inslru' 
ments are often earned to enable quick calculations to be made. 
They are chiefly instruments, like the Addison Liiard course 
calculator and wind calculator, for solving automatically the 
trigonometrical problems involved. The bearing plate and drift 
indicator is used to obtain the speed at which the aeroplane is 
moving over the ground and the way it may bo drifting out of 
its course owing to a cross wind. 

Navigation by wireless directional finding will probably be 
one of the best methods of air navigation in the future. It 
involves the use, however, of rather heavy apparatus, making 
it unsuitable at present lor light aircraft. For large aircraft it 
is already in use, and works very much on the same principles as 
the ordinary poi table wireless receiver with a frame aerial. But 
wirele.ss direction finding is only an additional help lor navigation, 
and will not super.sede the various instruments which have been 
described, though it will make the task of navigation, especially 
over considerable distances, along recognized air route, s provided 
with wireless transmitting apparatus, appreciably easier. 
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LESSON 24 

Researcli Work 

(Sec plates 8 and 9 ) 

I T was explained in Lesson 20 (page 39) how every part oi an 
aeroplane or flying boat is most carefully tested to make 
sure that only the very finest materials arc used and that 
the aircraft is correctly built. But the actual construction o( an 
aeroplane is only one part of the work which has to be done. 
However carefully an aeroplane may be built there is .still the 
fact that it i.s meant to fly. To make sure, before tt is bmll, that 
an aeroplane will not only fly. but will be safe to fly, will fly at 
a certain speed and land at another, will carry tlie load it is 
intended to carry, and will be able to do the hundred iind one 
other things the designer is called upon to make it do, is an 
entirely different kind of problem to solve. It would be much too 
expensive and much too dangerous to build aeroplanes which it is 
thought will fly, and then experiment with them. That was the 
method of the early days of flying, and many pioneers were 
killed and many aeroplanes destroyed finding out things which 
are now found out far more simply. 

It is vitally necessary to know what force, s an aeroplane has 
to withstand when flying. These forces arc due to the piessure 
of Ihe air on the wings, and the control surfaces, e.g. the rudder 
when the aeroplane is turning, and an aeroplane has to be de.signed 
so that it can withstand them when in the air. 

Now these forces are the same whether the aeroplane is moving 
through tlie air at a high speed, or whether the aeiopiane is 
stationary and the air is caused to move past it at high speed. 
On this fact depends the whole of modern aeronautical research, 
which has done so much to make flying safe, There is another 
important discovery which has also helped to make possible 
investigations into the behaviour of aeroplanes. This is that a 
model of an aeroplane behaves in the same way as the full-sized 
aeroplane. 

Wind Tunnels. These Hvo discoveries have led to the most 
powerful inslrumcnt of research in aviation, the wind tunnel. 
The wind tunnel is an apparatus, shaped in the form of a tunnel, 
for producing a steady stream of air in which models of aircraft 
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or of any parts of aircratt, c.g. tlio winp(s or the wheels or the bmly, 
can be suspended and the torcos which come on tliom directly 
measured, ,A11 over tho world wind tunnels arc in constant use 
measuring everything that is required for making aircraft safe 
to fly. In those wind tunnels every .shape of aeroplane wing i,s 
tested, new types of aeroplane — in model form — are examined, 
and all the manoeuvres to which an aeroplane is subject are 
faithfully imitated. 

There are various types of wind tunnel. In the type most used 
in Great Britain the air is driven by fans through a complete 
tunnel in which the models are suspended and viewed through 
glass walls. This is known as the closed type of tunnel. In the 
other type, known a,s the open jet tunnel, the tunnel has a gap 
in it and the models are tested in the air jet which flows across the 
gap. Fig. I (Plate 8) shows a photograph of one of the large 
tunnels used at the National Physical Laboratory at Teddington, 
and Fig, 2 an aeroplane model being tested in the tunnel. 

These aeroplane models have to be very accurate, and highly 
sIcilJed worJcinanship is necessary. So accurately in fact, arc 
they made to scale that the errors are never more than two 
to three-thousandths of an incli. Care has to bo taken as the 
results which are obtained have to bo multiplied by a factor 
which depends upon the actual speed of the air and tho relative 
size of the model to the full-sized aeroplane. 'J'o put it in 
mathematical language, the forces on two bodies which are 
geometrically similar are proportional to the squares of the wind 
speeds and the squares of their sizes. Thus, if wo measure in the 
wind tunnel the forces on a model which is made one-fiftli the size 
of an aeroplane, and the speed of the air through the tunnel is 
half the speed at which the aeroplane will fly, then the forces on 
the actual aeroplane are found by multiplying the corresponding 
forces measured in the wind tunnel by the square of 5 and by the 
square of 2, that is, 25 times 4. i.e. 100, There are certain other 
effects which have to be considered, e.g. the density of the air. 
By using compressed air more accurate results can be obtained. 
It is obvious, too, that the larger the model and the higher the 
speed of the air through the tunnel, the more accurate are the final 
results, as the factor by which these results have to be innUiplied 
becomes less. 

Compressed air wind tunnels have been built in Great Britain 
and the United States having wind speeds of 90 feet and 70 feet 
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per flecond respectively. The atmospiieric pressures are very 
gieal — 25 atmospheres in the case of the British tunnel and 20 
in the American. , 

In small tunnels one of the difficulties which have to be faced 
is the interference effects of the walls of the tunnel, making the air 
flow uneven, for example. In 1922, in America, a large tunne? 
with a jet of air 20 feet in diameter, was built to test full-sized 
airscrews, and this was so successful that a still larger tunnel was 
built with a jet of 60 by 30 feet. In tunnels of this description 
full-sized aeroplanes can be tested with no danger to the pilot of 
risk of damage to the aeroplane. To give only one instance of 
their value, by the use of such a large tunnel the maximum speed 
of an aeroplane was increased by 20 miles an hour, and the saving 
in petrol alone on this prarticular type of aeroplane paid the cost 
of the tunnel many time.s over. A 24-foot tunnel has now been 
built in the government research establishment at Faniborough, 
and the jet has a speed of 120 miles an hour. 

One of the newest and most remarkable types of tunnels is the 
vertical wind tunnel at Famborough, In this tunnel the air jet 
is vertical, and aeroplane models fly freely round in it. The speed' 
of the air is adjusted so that the aeroplane neither rises nor falls. 
The models are fitted with controls, exactly like those in the 
full-sized aeroplane, and by an ingenious mechanism these con- 
trols can be altered on the model as it flies lound, so that spinning 
and other manoeuvres can be imitated. 

Testing Tanks. For seaplanes and flying boats the water 
tank is used. The floats of seaplanes and the hulls of flying boats 
must be of the correct shape for lauding on and getting off the 
water, and these shapes are tested in the water tank. The 
models are suspended from a travelling caniage, on which sit 
those who are observing the behaviour of the model. Fig. 3 
(Plate g) shows the water tank used by Messrs. Short Brothers, 
the well-known flying boat builders. The seaplane tesring tank 
in use at Farnborough is 600 feet in length and 9 feet wide, while 
the chief one in the United States is 24 feet wide and 2,000 fecjt 
in length. 

Many other methods are in use to test the possibilities of ideas 
In flying, and Fig. 4 shows one of them, the whirling arm at the 
National Physical Laboratory, This enables circular flight to be 
studied, the model being suspended at one end of the arm, the 
Speed of which can be regulated. 
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LESSON 25 

Aviation as a Career 

T here aie many and increasiiif!; opportiinitios for fhosa 
who wish Lo enter aviation The aeronautical industry 
is going to be one of the greatest industries in the world, 
3 nd, this being so, it will call for the employment of a very 
large number of people. 

Aviation can be roughly divided into the following parts ; 
(r) Manufacture of materials and accessories ; (2) Design of 

aircraft, aircraft engines and parts ; (3) Manufacture of aircraft, 
aircraft engines and parts ; (4) Erection of aircraft and aircraft 
engines; (5) Testing of aircraft and aircraft engines ; (6) Piloting; 
(7) Navigation and wireless ; (if) Commercial and office organi- 
zation ; and (9) Research work. 

Under (i) there are included all firms manufacturing metals, 
iJabrics, dopes, paints, glues, and all oilier materials, as well 
as the accos.sories used in aii'craft construction. A li.st of the 
approved maker.s of aircraft matotials ami accc.ssorics is given 
in the British Air Annual, and application should be made clirect 
to the firm, concerned. 

Under (2) there is called for a high degree of theoretical and 
practical training. A designer of aircraft or aircraft engines 
should have an engineering degree if ho wishes to make any 
progress, for without a sound engineering degree he stands very 
liitle chance of advancement. He can, alternatively. Lake the 
examinations of the Royal Aeronautical Society, which are of 
engineering standard and are recognized by the ae-ronautical 
industry as a qualification for a post. It must be emphasized 
that upon the designers depends the safety of aircraft, and 
for that reason alone designers must be fully qualified. Most 
aircraft designing firms will start a man with such knowledge as 
a junior draughtsman, and for qualified men there are a number 
of posts open in the Air Ministry. Particulars should be ob- 
tained direct from the Under-Secretary of State, Aii- Ministry, 
King Charles Street, Whitehall, London, as the regulations vary. 

As regards (3) the manufacture of aircraft, aircraft engines, and 
parts is largely workshop practice, and anyone wishing to enter 
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this branch should apply to one of the manufacturing firms, 
either as a shop boy in the fii'st instance or cis an apprentice in 
the workshops. , 

Aircraft fitters and erectors, who come under (4), have almost 
always had some experience at the work bench and in the manu- 
facture of aircraft or aircraft parts. Nevertheless, the duties of 
an erector are specialized ones, and he has to put togetlicr the 
parts made in the workshops and erect them into the complete 
aeroplane. 

Ground Engineer. Into this category comes the ground 
engineer, whose work it is to see that aircraft and aircraft engines 
are fit to fly, and who has to have licences to show that he is 
qualified. There are five kinds of ground engineers’ licences — 
A, B, C, D and X licences. 

The A licence certifies that its holder understands the general 
principles of systematic maintenance and examination of aircraft 
before flight. He has to have a knowledge of the rigging of an 
erected aircraft, the adjustment of flying controls, the various 
materials used in aircraft, and so on. The B licence holder 
inspects aircraft after overhaul, and has to have considerably' 
more knowledge of materials and their testing, of the constniction 
and installation of engines, controls, instruments, and the lilce. 

For (5), the inspection of aero engines before flight, a C licence 
is required. The holder must have a general knowledge of the 
construction of a particular type or types of engines lor which 
the licence is granted. He must be able to carry out a general 
top overhaul, and know what defects are likely to be encountered 
and the permissible allowances for wear and deterioration. He 
must also have a knowledge of methods of inspecting and 
testing the installation of engine instruments, engine revolution 
indicators, pressure gauges, and the like. 

The holder of a D licence can carry out the inspection of aero 
engines after overhaul, and ho requires considerably more know- 
ledge than the holder of a C licence. Ae must have a knowledge, 
for example, of the materials used and their te.sting and manu- 
facture. He must know the general principles of testing and 
measurement of the horse-power, fuel and oil consumptions, etc., 
of aero engines, and the correct functioning of ignition, carbura- 
tion, lubrication and cooling systems on engines during tuning 
up and testing. C and D licences are usually granted for specific 
engines and not for aeroplane engines as a whole. 
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X licences are issued in rcspccL oC the foltowing duties ; (i) 
repair, overhaul and testing of maguepjs ; (a) repair, overhaul, 
testing and calibration of aircraft and aero-engine instruinonts ; 

(3) inspection, packing and maintenance of paiacluites ; and 

(4) adjustment, installation and compensation of compasses in 
ilircraft. 

Every ground engineer is required to pass an examination at 
the Air Ministry, and to have had practical experience before his 
licence is granted. Full particulars of the ground covered for 
"ach licence and the times of the examinations may be obtained 
from the Air Ministry, Kingsway. London 

Wireless operators soinetimc.s enter aviation fully trained, after 
having obtained their experience cither at sea or with a wireless 
telegraph company Anyone who wishes to become a wireless 
operator in aircraft should apply to such a company and obtain 
liis experience on land or water in the first place. 

Seamen who hold a mate’s or master’s ticket will have little 
difficulty in obtaining an air navigator’s licence. Othenvise, it 
is necessary to pass examinations for the licence, particulars of 
which may be obtained from the Air Ministry or the Guild of Air 
Navigators and Pilots. 

In general, it may be said that for anyone to obtain a post in 
the aeronautical industry with any hope of advancement he or 
she must bo qualified in some way or other, and, in general also, 
that these qualifications are higher than those required for 
corresponding posts in other forms of engineering. A mistake 
may cost a man his life ; and the whole aim of the regulations 
governing the construction and flying of aircraft is to eliminate, 
so far as possible, the chance of error. 

There is an opening for research workers in aviation, but such 
workers are usually highly qualified, holding a University degree 
and speciahzing m some branch 01 aeionautics, as aerodynamics. 
Knowledge of the behaviour of the air and of the behaviom of 
bodies moving through it' at high speeds is still in its infancy, 
and here the research worker has the greatest opportunities. 

There are posts open on the commercial and office organization 
side of aviation, which do not call for any particular experience 
to begin with, apart from the usual qualifications of shorthand 
and typewriting and languages. A knowledge of languages is 
an important asset. Application should in every case be made 
to one of the aeronautical firms direct. 
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» 

Careers in the Royal Air Force 

O NE of the best ways for a young man to enter into aviation 
is by joining the Royal Air Force. Ti he has the necessary 
education and fulfils other rc<(uircmeuls, he c.in apply 
for a cadetship. On the other hand, he can I'litei Die Royal 
Ah' Force as an air mechanic or, if he passes the necessary examina- 
tion, a.s a boy appi'enticc, and if he seixes his oppoitunities he 
has the highest roads of the Royal Air Force open to liini. 

Several hundred airciaft appietiticcs between the ages of 15 
and 17 are inquired by the Royal Air Force cveiy year foi entering 
into the .schools of technical training at Hallon, BiiclvS, and 
Cranwell, Lines. They arc adniiltcd paifly by competitive 
examination and partly on pre.scntation of an approved first 
school certificate. The sons of ollicors, warrant otliccr.s and 
senior N.C.O.'s in all tlnce fighting seivices receive speciai 
consideration. 

Successful caudidates serve twelve ye.us from the age of 
eighteen, At the age of thirty fhoy are given Ihe opportunity 
of serving for aiiothnr four yeans in the It.A.h'. reserve aiirl of 
drawing a gratuity (at iireseut A eeitain propoition, 

which varies from tune to time, cnii re-eiiipige lo conipleto a 
full period of service for a pen.sion 
Training of AiipronUcos. Aircraft apprenlice!) have splendid 
opportunitie.s ol a three yiars' appieuliee.ship eotirse. The 
skilled trades at present open aio tUuse ol ULiei, huci (aunourerj, 
wireless operator-mechanic, and instrument maker These are 
the most important in the Royal Air Force. During tlie training 
period, which is very thorough, the present rate of pay is is. a day 
for the first two years and is. 6d. a dh-y thereafter, until the 
apprentice has reached the age of eighteen and also been posted 
to a unit on completing his apprenticeship training. When he 
IS posted to a unit lor duty as an aiiciaitman the commencing 
rate of pay is 3s. Qd. to 5s. 6d. a day, according to the tnarks 
obtained in the passing-out examination. lie also receives free 
board and lodging and an allowance for uniform. A number of 
apprentices each year who have shown special promise in tneit 
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examitiations, etc., are giveir free cadetships at the Royal Air 
Force College for training for commissioned rank. Every year a 
considerable* number can volunteer and qualify to become 
airmen pilots, and these have opportunities each year of being 
^selected for commissioned rank. 

An aircraftman, when he leaves the Royal Air Force, does so 
with excellent knowledge of a trade at which he should be able to 
earn his living on return to civilian lile. Many aircraft firms 
employ ex-aircraftmen because they are certain of so obtaining 
’'proporly-trained men. Anyone who enters as an aircraft appren- 
tice at Halton or Cranwell, in fact. can. if he wishes, acquire 
a technical knowledge of aviation and a wide practical experience 
which no other method offers him. 

Short Service OfTicers. Candidates who wish to serve in the 
Royal Air Force as officers usually apply for a short-service 
commission in the general duties branch, which includes flying, 
technical and general administrative duties, and the equipment 
and accountant branches, but not medical, stores, and a few 
other duties. 

Candidates for a short service commission mu.st have reached 
17^ years of age, and not 28 years, when they apply. Qualified 
pilots of the Volunteer Reserve for the Auxiliary Air Force may 
apply. Every candidate must he unmarried and be up to school 
certificate standard in education. Candidates are interviewed 
personally and have to pass a medical examination. Short service 
officers are appointed for a period of four or six years on the 
active list and six or four on the reserve. They are appointed 
in the first place as acting pilot officers, and are on probation 
until tile appointment is confirmed. Observer officers are also 
appointed from time to time. 

Permanent Commissions. A number of permanent coin- 
missio.ns are awarded annually to officers holding short service 
commissions. The majority of these commissions are awarded 
to those officers who have specialized in engineering, photography 
or armament. There are competitive examinations for iiermanent 
commissions. 

The current rates of pay are from ^^340 per annum for acting 
pilot officers up to £787 for squadron leaders after five years' 
service. Certain extra allowances are given to officers who are 
married. Officers holding short service commissions are given 
‘■'^‘"^’^’bies by the Royal Air Force Educational Service to prepare 
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themselves for a civil carter on ( omplotion of tlieir service, and 
llio An Ministry keeps contact with cmployeis and i tconmiends 
tliobe who have good lecords An olhcci tiansieiied to the 
itserve is entitled to a giatinty of £200 or £500 
Candidates tor peimanent commissions enter thioiigh the 
Cadet College at Cranwcll Admission to the college is gianted 
(i) successful competitors m the Royal An force entrance 
examinations, which are held twite yearly , (2) King’s cadets and 
Honorary King s cadets, 1 e the sons of officeis killed or died of 
wounds received m action, etc , (3) candidates specially nomin"® 
ated by the Air Council, 1 e from certain approved schools or 
fiom midshipmen or naval cadets , (4) airciaft appiciitices as 
stated above The limits of age geneially foi admission to the 
college are from 17^ to igl years 
Every candidate has to undergo a rigorous medical examination 
The comse at the cadet college lasts two years and the total cost 
IS approximately £250 There are reduced lees in respect of a 
father’s seivice in one of the lighting forces 

Pay lor officers in the Royal Air Poice vanes from ;^3'iy per 
annum lor a pilot officei up to £2,647 Chief Marshal 

Mamed officers leceivo a small increase in pay Any can 
didate for the Royal An I'oree should obtain a copy 0/ the 
full legulations from the An Ministry 

In addition to the militaiy side of the Royal An Force a number 
of civilian appointments arc made to it and to the An Ministry 
and the various establishments connected with it— scientihc 
and technical officers, AID inspectois and so on Theie is 
also the department of civil aviation which offers certain posts 
With the lapidly intieasing use of aerial liansport and of the 
Royal Air Force the prospects are extiemcly bright but the 
standard lequired m aeronautics is extremely high 

The following books are recommended foi fuithor study in 
aeronautics ' Plight Handbook,” W O Manning (Ihfte & Sons) , 
“The Book of the Aeroplane,” J L Pritchard (Longmans, Green 
& Co ) , " Alt Sense ’ W O Manning (Pitman) , "Aeroplane 
Structures,” A J S Pippard and J L Pritchard (Longmans, 
Gieen & Co), ‘‘Internal Combustion Engines,’ D R Pye 
(O U P ) , ” Elementary Applied Aeio dynamics ” T G Whit- 
lock (O U P ) , Handbook of Aeronautics (Royal Aeronaut 
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, LESSON 19 

Influence of Pre-Raphaelites on British 
Painting 

(See plates to and ll) 

T owards the middle of the 19th century, portraiture was 
almost at zero, and subject pictures by the popular 
artists, Lsndseer, Leslie and Frith, were sentimental, 
theatrical or trivial. The necessary art revival came with the 
pre-Raphaelite Brotherhood, but just before that movement 
George Frederick Watts (1817-1904) and Alfred Stevens (1817- 
1875) had begun their careers. Both of those artists remained 
outside the pre-Raphaelite movement, and both were influenced 
by Greek sculpture and Italian painting — Watts by the great 
Venetian colourists and Stevens by the masters of the Re- 
naissance period. Watts, having gained a premium for a cartoon 
for the decoration, of the palace of Westminster, studied in Italy, 
and from the time of his return to England, in 1847, became one 
of the most noted artists of his day. His famous series of poi traits 
of the intellectual leaders — John Stuart Mill, Carlyle, Cardinal 
Newman, Tennyson, Matthew Arnold, Gladstone and others — 
with the gift of which he enriched the National Portrait Gallery, 
London, prove him to be a great painter, though his symbolic 
pictures are loss popular today. He was an artist of great 
sincerity, versatility and industry ; he possessed — though he 
used them unequally — both tire gift for grand design and the 
mastery of technique. " Time, Death and Judgment " (Millbank) 
and " Love and Death " (Millbank) are among his finest symbolic 
pictures, most of which are powerfully imaginative in conception, 
showing forth the strangely mingled agnosticism and faith which 
composed Watts’ religion. He painted many good landscapes, 
but achieved only transient success as a sculptor. 

Alfred Stevens, on the contrary, was a sculptor of genius. He 
was also an excellent painter and a faultless draughtsman. 
While studying in Italy, he worked under the Danish sculptor 
Thorwaldsen, and on his return designed, amongst other 
decorations for public buildings, the four mosaics of the Prophets 
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foi the dome of St Paul's He was unable himscll to complete 
his gieatest woik — the monument of Wellington in St Paul's — 
owing to lack of means and the magnificence of hi^ conception , 
it was finished from his model tliiity-seven yeais after his death 
In addition to his many lovely cartoons — notable among the 
latter being those foi Doichestcr House — he painted some 
excellent portraits, a fine example of which is Mrs Collmann 
(Millbank) Frederick, Loid Leighton, Sir Edwaid Poynter and 
many other painteis in the classical style, whose work was 
profusely exhibited during the nineteenth century, never attainei?" 
the level of Stevens' art His classicalism was inherent, and no 
mere imitation of the ancient Greek sculptors or the Italian 
masters of the Renaissance 

The originators of the pie Raphaehte movement, William 
Holman Hunt {1827-1910), Dante Gabiiel Rossetti, the pamtei- 
poet (1828-1882), and John Everett Millais (1829-1896), deter- 
mined at the outset of their careers to substitute lomanco and 
poetiy for the trivial subjects of pictures by most of the popular 
ai tists of the day They desired to shake themselves free of 
traditions which had mainly degeneiated into superficial piesent- 
inents of academic art Ihey set out to revive the humble and 
conscientious attitude towards Nature which had characteii/ed 
the work of the Italian Primitive painteis In 1849, a yeai after 
the pre Raphaelito Brotherhood was established, its tlnee 
members exhibited their first representative P R B pnetures 
‘ Rien^i,” by Hunt, ‘Isabella and Lorenyo," by Millais (the 
subject selected from Keats’ poem “ Isabella and the Pot of 
Basil ”), and " Girlhood of the Virgin,” by Rossetti 

Though these first pictures leceived some favourable criticism, 
abuse was soon directed against the P R B The very name 
foi which these initials stood was obnoxious to academic critics 
who considered Raphael the greatest of all painters and the 
Primitives of comparatively little interest So bitter was 
the attack on Rossetti’s beautifully designed picture, " The 
Annunciation,” exhibited in 1850, that he never publicly showed 
his work again during his lifetime , while the pictures exhibited 
by Hunt and Millais, at the same Academy Exhibition, fared little 
better In strenuous opposition to the new movement was 
Charles Dickens, who wrote a scathing article in liis magazine 
” Household Words ” Swiftly defensive appealed Ruskm's 
letters in " The Times," demanding fair pUy for the youthful 
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painters and pointing out the value of tlie revival of the earnest 
medieval spirit. 

Holman Hunt was the only one of the pre-Rapliaelite.s --into 
whose circle also came Ford Madox Brown, William Morris and 
Edward Butne-Joncs — to paint unswervingly throughout his 
career within the laws laid down by the yoiitli ful aspirants. 11 tint 
was a man of powerful individuality and strong reiigions con- 
victions, which influenced his work. His faults w'cre ii cci tain 
rigidity in the posing of his figures, a superabundance ot detail 
'and crudity in the colours lie used — the results of painting 
everything as he knew it to be rather than as he actually 
saw it. These faults were overcome in some of his work, 
notably in " The Hireling Shephei'd ’* (Manchester City Art 
Gallery) and in ''Claudio and fsabella " (Millbank). Many of 
his pictures reveal great beauty of design — for example, the 
" Triumph of the Innocents ” (Millbank) and “ The 
Scapegoat " (Port Sunlight) — but require to be studied in 
detail for true appreciation of his genius. 

Millars' mo.st successful pictures in the P.R.B. manner are his 
"Ophelia” (Nat. Gallery), "The Blind Girl" (Binningham 
Art Gal.), and his realistic “ Christ in the House of His Paients " 
(Millbank). A peculiarity of this artist's worit — though not 
originated by him, as he adapted it from the Flemisli masters — 
was his method of painting with transparent pigment over a white 
groundwork ; this accounts for the brilliant richness of the 
resultant colour, Fie cannot be regarded as an inspired painter ; 
possessed of far greater facility than blunt, Millais' work was 
more popular, but is unquestionably of less importance. In tlie 
'sixties he was largely concerned with book illuslralions, with 
which he achieved real success. His later paintings were marred 
by dullness, due to his lack of imagination and sentimental choice 
of subjects. His commercial attitude made him a popular 
painter, but separated him from the earnest aims and ideals of 
the pre-Raphaelites. ' 

Ford Madox Brown (1821-1893) was in sympathy with them 
and to some extent anticipated their ideas. His defect— a not 
uncommon result of pre-Raphaelitism — was an over-conscientious 
desire for improvement of his pamting, which led him into a bad 
habit of re-touching ; his great qualities were his understanding 
of fine linear design and his sense of colour. Notable pictures 
are " Work ” (Manchester City Art Gal.), " Last of England " 
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(Birmingham), and his masterpiece, "Christ Washing Petei’s 
Feet " (National Gallery) ' 

Sir Edward Burne-Jones (1833-18(38) and William Morns 
(183(1-1896), though both influenced by Rossetti, worked with 
entirely different aims The latter actually had a veiy small 
pictorial output, but is famous for his influence on the art of his 
day, and even more so for his championship of the social aims of 
the people ; for that insistence on the necessity of beautifying 
things in common use which revolutionised many homes 
throughout the land, by leading to the foundation of the firm 
of Morns & Co This celebrated film undertook the beautifying 
of everything fiom wall papers and furniture to table ware and 
tapestry. Unfortunately, influenced by Riiskm, Morris lefused 
to recognise the possibility of beauty in machine-made goorls 
and thus, instead of being a forwaid movement, much of his work 
was retrograde, while designs tor the machine-made goods of his 
day were divorced from aesthetic authority 
The earliest work of Burne-J ones was in water colour In these 
pictures and in his subsequent oil paintings was a special appeal 
to the literary public on account of their " poetical and con- 
ventional art.” Influenced by the lovely linear designs of 
Botticelli, Burne-Jones possessed gical imagination and a highly 
decorative sense of pattern He devoted much time to designs 
for stained glass windows, to be earned out by his Inend William 
Morns, and prepared many illustrations for the Kelmscott Press, 
notably for the Morris edition of Chaucer 

In spite of the subsequent contusion of its motives, pre- 
Raphaelitism undoubtedly acted as a spur to British art, even 
after Ruskiii’s championship of it — and lamentations over its 
backslideib — had ceased to reverbeiate It urged .sincerity in 
art-thought and honesty of craftsmanship, and although the 
" precious " technique associated with it died out, much of the 
courageous independence shown by British artists towards the 
end ol the centmy was due to the new spirit it inculcated English 
sculpture also, which up to the middle of the century knew onlj 
that solitary genius Alired Stevens — though hardly equalling 
the French achievement — asserted itself as never before. The 
work of Sir Alfied Gilbert (b 1854), sculptor of Eros in Piccadilly 
Ciicus, represents the dignified taste of the period ; that of Alfred 
Druiy shows decorative skill. He is specially noted for his groups 
of sculpture at Leeds and for his many war memorials. 
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LESSON 20 

Rise of tlie Romantics and 
Impressionists 

(See plates 12-11) 

assume that the French mind is inherently classical in 
I art is a hasty generalization. Tradition is certainly 
upheld and culture- widely appreciated, but a review 
of the great pictorial productions proves that the French genius 
is capable of the most amazing departures from academic stand- 
ards and of the highest original conceptions. After the turmoil 
of the French Revolution there was certainly a harking back 
to the antique, but this developed from mere imitation into a 
creative movement, a feeling lor order out of chaos, of which 
Jacques Louis David {r748-i825) was the leader. 

State artist under the Republic, Master of the Ceremonies for 
the Republican festivals, David was appointed Court painter 
n'hen Napoleon arose and the Empire style in art and decoralion 
appeared. Grcco-Roman forms were the fashion, Laurel 
wreaths, acanthus leaves, columns, eagles, the toga, cUiMsical 
draperies and sandals were affected in sculpture and as details 
in settings and costumes both in contemporary portraits and in 
historical paintings. The Arc de Triomphe is the most famous 
French architectural work of this period, which lasted until 
1830 ; Empire style was reflected m England by the classical 
decoration and architecture of the Regency period. 

Well-lmown pictures by David are his early painting of 
■' Marat Assassinated," his portrait of Madame Rdcamier, and, 
among his historical paintings, " The Rape of the Sabines." 
His w'ork is distinguished by a sculpturesque quahty of clear-cut 
accuracy of form and occasionally marred by resultant hardness 
of texture and by some»monotony of colour. His most famous 
pupil was Jean Auguste Dominique Ingres (1780-1867), who 
also shows fine restraint of style and superb draughtsmanship, 
carrydng on the nationalized classical tradition in all his work. 
In the National Gallery, Loudon, is an excellent example of 
Ingres’ portraiture : “ M, de Norvins " ; and also two small 
historical paintings. ” La Grande Odalisque ” in the Louvre is; 
perhaps, his most cclobiated picture. 
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Completely oppobed to Irit(iLS was Cugeue Udacioix (1798- 
1863), the leadci ol the Rorncinlic movement who has been 
called the Byion of French art He was consideiecj a i evolu- 
tionary, but his mastery of coloui was officially rccogni/ed and 
he was employed to decorate a ceiling in the Louvre and the 
interior of the Chamber of Deputies A famous pictuie is his 
“ Liberty Leading the People,” now in the Louvre In his land- 
scapes he was influenced by the art of John Constable A number 
of lithographs lor the book trade evinced the imagination and 
vitality of hib talent His art today is quite out of fashion, while 
that of Ingres, duly admired as being based on simplicity of form 
and unblurred line, goes on , its diieclmg structural influence 
pomted to the development of Cubism 

With Delacroix, however, began that levolt against official 
art which set a fashion of being proud when work was refused 
by the Academy and of painting to please oneself Th^odoie 
Rousseau (1812-67), another Independent, known as ' Le Grand 
Refus6, ” was at first entirely outside the pale of lecogni^ed art 
He, alter settling m Barbuon, became the loiiridei of that school 
of landscape painters also made famous by the work of his 
associates, Diaz, Daubigny, Millet and Coiot We have seen in 
Lesson 18 (Vol 3, p 81) that the painting ot John Constable 
piofoundly influenced the Romantic landscapists of the Barbuon 
school It can also be claimed that he and 1 uriier show ed the 
way to the French Impressionists , but if French art owed p 
debt to England m the first half of the i8th century, France icpaid 
it in the second half, and since has set the pace foi the world 

Barbizon School. The classical pamteis had been in bondage 
to the past in choice and tieatraent of subject The Romantics 
of the Barbizon school and elsewhere established the artist's 
right to take subjects from every phase of life and paint Ihem 
according to personal vision, a right afteiwaids consolidated 
by both Iinpri ssiomsts and Fost-Impressionists Of the 
” Independents "in Barbizon, J F Millet (1814-75) stands out 
by reason ol the simple directness of his vision The son of a 
peasant, who had spent his boyhood in his father’s fields, he had 
one motive in all his works ' Man goeth forth to his laboui 
until the evemng ” Visualizing rustic France with complete 
undeistanding and sympathetic power, he is lecogmzed as one 
of Its greatest painters Well-known pictures by him are 
"The Gleaners,” “The Angelus," “The Man with the Hoe,” 
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and that composition in lovely light, " I-o Print omps," a land- 
scape at Barbizon oi a field traversed by a iiath between Iruit 
trees, the fresh green of which stands piit against the dark sky 
arched by a brilliant rainbow. 2. 

The work of Jean B. C. Corot (lygfr-iSys), one of the finest 
landscapists who ever lived, differed from that of the other 
Barbizon painters in that it united ClassicLsin with Romanticism, 
Perfection of technique chaiacterizcs hi.s composition and 
painting; he combined breadth with exquisite delicacy. He is 
well represented in British galleries. His reputation suftered 
somewhat ovdng to the vast number of spurious works 
altributed to him, which were produced by copyists to meet 
the great demand for his pictures. Among his masterpieces 
are " Tivoli from the gardens of the Villa d'Este,” “ Danse 
clcs Nymphes," and many of his numerous paintings of misty 
rivers and lakes, serene moonlight and trees. 

An interesting independent painter with a strong dramatic 
sense was Honord Daumier (1808-79), who began as a caricaturist 
and poster arti.st. Later he excelled as a sculptor, modelling 
his “ masques ’* of politicians from memory. As a painter, 
though one of the pioneers of realism, he w'as also able to visualize 
in imaginaiion his Don Quixote series. The Parisian scenes 
which he illustiated in his pictures were mostly of the seamy side 
of life. If Delacroix may be called the Byron, Daumier was the 
(C,harles Dickens of French art. Another realist, Gn.stnve Courbet 
(iSf5^777), portrait painter and landscapist, was one ol the 
artists urom whom Edouard Manet (1832-83) learned, though 
he owed\more to Titian, Hals, Rembrandt and Velazquez, 

French^, Impressionists. With Manet wo arrive at the French 
Impressionists. The word came into use in the eighteen-seventies, 
when an equally famous leader of the group, Claude Monet 
(1840-1926!, named one of his pictures" Sunrise— an Impre.ssion," 
The other gieat French painters connected with this movement, 
the most important in* the art of the time, were Edgar Degas 
(1834-1917), Alfred Sisley (1840-99), Pierre Auguste Renoir 
(1841-1919), Camille Pissarro (t85o-i903), and Manet’s pupil, 
Berthe Morisot (1840-95). 

Within a few years of the pre-Raphaelitc agitation in England, 
Manet painted his " Olympia," a work in. which the seemingly 
deliberate ugliness of the subject was a direct challenge to aU 
previous ideas of beauty in art. It may^jfre Regarded as Manet's 
t ‘ " / nn 1. 
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decUiation of independence with winch to slartle Pans and 
shock the critics and the picture certainly meide a ni eat sensation 
Many of his othei paintings die, however delight fuHy amusing 
m their sympathetic portiayal of charactci as for example, 
" Chez le P^ie Lathuile,' or hib eaihcr pictuie Le Bon Bock ” 
His woik has penetrative quality , he revealed by his fine peicep- 
tion of colour and torm In his eailitr pictures his designs are 
more compact and stiuctures arc more definitely explained but 
in his latei work colour in its relation to light is his supieme 
interest '' La Seivante de Bocks ” (MilJbank) a scene m a 
Pans cabaret, is a good example of his later style In all his 
work his aim was to state ordinary things and people with 
pictorial truth 

Light studied scientifically was the keynote of Impressionism. 
Claude Monet, aftei studying Turnei’s work in England, began 
to paint with bioken stiokes of the biush, laid down in touches of 
puie primal y colour The effect produced is both brilliant and 
luminous, as may be seen m his " Vetheuil Sunshine and Snow," 
at Millbank Theie is no structural solidity in some of Monet’s 
pictuies, he dehbeiately sacrifices it to atmospheric cflects. 
In Pointillism, of which Georges Seurat (1859-91) was the most 
famous exponent, tins absolute painting of daylight was earned 
a step farther by painting in spots (points) of primaiy colour. 
It was m Turner’s latei work that the scientific juxtaposition of 
the three primary colours, red, blue and yellow thioughout a 
picture was first iiitioduced though Gainsborough, Watteau 
and Rubens had made occasional and partial use of the method 
in landscape to obtain sunny effects 

Edgar Degas was anothei Impiessionist of genius who, with 
Manet and Monet, has influenced English art In addition to 
his fine rendering of light and atinospliere, he possessed a mastery 
of anatomical construction, and a supcib vitality of movement 
characterizing his pictures of the ciicus, the ballet and the 
racecourse Alfred Sisley s landscapes, drawn diiectly with the 
brush, possess a spontaneous charm Renoir’s sensitive and 
brilliant painting is seen to pertection in his many portraits and 
genre pictuies . one of his best known paintings is ’’ La Loge," 
in which a woman, in a black and white evening dress, is seated in 
a box at the theatre with a man in evening diess. Both figuies 
are superbly realized Renoir painted witb long strokes of the 
brush, using a preponderance of red and green, which gave 
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great brilliancy to bis work. Two fine works are '' Les Para- 
plnles " and " La Premi^rt: Sortie.” both in the Millbank Gallmy 
Toulou-se-Lautrec was strongly influenced by demi-nionrlaine 
types, Hi.s " Absintlio Drinkers ” ib especially outstanding, 
The art of the poster dates from the Impressionists. In France 
the finest poster designers were Toulouse-Lautrec and Chdret, 
while in England Dudley Hardy and the Beggarstaff Brothers 
(Jame.s Pryde and William Nicholson) were famous pioneers. 

Puvis de Chavannes {1824-98), though a " refus6 '' from the 
salon, is not an Impressionist. His mural paintings wore an 
inspiration to the succeeding generations, and he greatly influenced 
decorative art in England. 

Whistler. The Impressionist movement spread through 
Europe. In England one of the greatest exponents was James 
A, McNeill Whistier {1834-1903). an American by birth who had 
studied in Paris, With his conte.mporary, Edouard Manet, 
he desired to break away from the academic in art. His " White 
Girl ’’ (Nat. Gal.) roused as great excitement and protest in the 
" Salon des Refuses " (inaugurated by Napoleon III) of 18O3 as 
Manet's '' Ddjeuner sur I'herbe." Whistler’s arrival in England 
was a landmark in the history of our art. His interest in 
Japanese art and its influence on his work — an influence exorcised 
on most of the French Impressionists, including Manet and Degas 
— helped to turn attention away' from the classical tradition and 
to present an entirely novel aspect of painting, in which freedom 
of design — ^with an understanding that empty spaces could add 
value to its beauty — and new effects of perspective played an 
important part. Whistler also helped to form the close alliance 
with French art which was so marked in England at the end of 
the 19th and turn of the 20th century. Among his most 
famous paintings are the portrait of his mother, painted in 1872 
and subsequently bought for the Louvre, the portrait of Thomas 
Carlyle (Glasgow), the '' Princesse du Pays de la Porcelaine,” 
the lovely design of " Old Battersea Bridge” (Millbank), known 
also as " Nocturne — Blue and Gold.” His etchings and litho- 
graphs are unique in their delicate craftsmanship. His perfection 
of taste in composition and art of selection have seldom been 
equalled by English painters, although his '' Nocturnes ” were 
adversely criticized by Rnskin in " Fors Clavigera.” 

The great revival in English landscape painting during the 
last forty years owes much to the French Impressionists. Only 
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a few names can be mentioned here. Wiisou Steer, Hem y Toitks, 
Lucien Pissarro, Charles Holmes, and Geoige Clausen are dll 
Impressionists — using the word in its highest sense — whose 
greatest gifts are for painting atmosphere and lovely effects of 
sunlight. Steer is also a sympathetic portraitist ; and Sir 
Charles Holmes is one of the first painters to discover beauty 
and pictorial pattern in factory chimneys. 

Sargent and Siolcert. In portraiture the Impressionists in 
England include J. S. Saigenl (1856-1925) — who, like Whistler, 
was of American parentage and studied in Paris — and Whistler’*- 
pupil. Walter Sickert (b. i860). Sargent was a prolific and 
often fine painter, though unequal as a colourist ; like his master, 
Carolus Duran, he was in.spired by Velazquez ; his style is 
characterized by loose brushwork and greatly influenced con- 
temporary artists. Walter Sickert, in addition to his portraits, 
is a great painter of landscape and genre — indoor and outdoor 
scenes of cosmopolitan life. His highest gift is the power of 
expressing not only physical but emotional atmosphere. He 
often paints a cool tint — such as a mauve shadow — over a warm ^ 
colour — such as an orange ground — ^representing sunlight, A < 
typical work is the '' CafiS des Tribunaux, Dieppe," at Millbank. 

It is the fashion now to say that the Impressionists are 
materialists, but this is hardly a just criticism, as the works of the 
painters mentioned show the true spirit of poetry. Though the 
art of photography has advanced and a snapshot can illustrate a 
realistic episode, no camera can give us the exquisite gradations 
and tones of colour in their relation to light as they may be seen 
in the work of Manet, Monet, Renoir or Degas. 


LESSON 21 

The Reaction of Post-Impressionism 

(See plates t5 and Ifi) 

B ecause human nature is suspicious of the unlamiliar, 
new forms of art seem ugly, sometimes even comical, 
on their first appearance ; gradually, if the idea has been 
truthfully stated — and the truth may be abstract or concrete — ■ 
beauty is revealed to the beholder, as understanding increases 
and prejudice lessens. The perfection of naturalistic and 
luminous painting had been reached by the masters of the 
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Romantic ami Impressionist movements , nnlhiu}* more along 
tlicir linos seemed piossible Manet and Dogas hart com! lined 
realism of atmosphere with superb draughtsinanslnp ; Seurat 
bad taken Monet's brilliant colour schemes scientilically fartbor 
with Pointillism and, in addition, achieved, hi such pictiues as 
"The Woman Powdermg Heiself" (Coiirtanld Collection) and 
" The Bathing Party " (Millbank', a inonnmental solidity which 
was a step towards one ot the denrands ot the rising school of 
painters — the demand for architectural form, lacking m the work 
of the Impressionists (see Lesson 20, page 64). 

Mr. Roger Fry named these new painters at the end of the 
19th century Post-Irnpressionists. They declared that their 
predecessors had sacrificed structure for atmospheric effect — 
theories of light had become too complex. Though the Impres- 
sionists had shown people aspects of Nature which they would 
otherwise have missed, naturalism was condemned : art is not 
Nature, they said ; " it is a pattern or rhythm oi design that we 
impose on Nature.” Mere unsclective copying was qui te despised ; 
it was being challenged by the camera. They argued that a 
photographic study could be more realistic than any painting. 

Cezanne. All reactions in art are exaggerated ; if they were 
not they could not gain sulficient impetus to attract al tention or 
become a movement. Movements arise out of exasperation 
against narrow mental conceptions, and attempts at sLandnrdiza- 
tion in art. The desire to avoid the faults ol the previously 
accepted school restores balance by a swing-over. But this 
one-sidedness, however usciul as a corrective, docs not help 
progress ; only strongly creative leadership is able to do that. 
Paul CSzaiine (1839-1906), striving towards perfection with 
unceasing experiments, hit upon the method which revolutionized 
modern painting. 

1 hough Paul Gauguin (1848-1903) and Vincent Van Gogh 
('^® 53 ''r 89 o) were also originally in this revolutionai'y movement 
— ^which only reached th& London public at the Grafton Galleries’ 
Post-Impressionist exhibition in 1910, when the chief painters 
represented were dead — they were independents. It was 
Cezanne who inspired numerous followers ; it was Cezanne whose 
very failures were stepping stones lor other artists. In his many 
efforts they could see what he had been striving lor 
sponb'”^ ^ could not emulate was his possession of 

eous emotion — he was always going beyond impressions 
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in his seaich for some poetic, spintual quality Tinning to 
painting ratlici late in life, though a genius, he was never able 
to acquiie facility or a good figuic memory, also, he disliked 
■woilcmg fioin models. He set himsell a difficult ideal to 
combine the best effects of impressionism with the siructural 
qualities of Nicolas Poussin — light and colour with architectural 
diawing and foim C^/anne has been declared a bad draughts- 
man. His aim was not to outline, but to suggest modelling. 
Everything m his estimation could be resolved into geometneal 
forms — all shapes simplified info cylinders, cones and spheres ; < 
his very brush strokes were mostly angular He was thus the 
man behind Cubism, which, however, did not develop as an art 
movement till igo8. He made still-hfe pictures like patterns, 
just for the pleasure a pattern can give He considered that a 
beautiful invention was better than the meticulous copying of 
grouped ob)ects after the fashion of a Dutch painter 
Though C6z3.ime was often unable to cairy out his pictorial 
conceptions his successes with The Card Players ” (Louvre), 

" The Young Philosophei,” and his masterpiece " La Montague 
Sainte Victoue” (Courtauld Collection), with its solidity of 
mountain form, liave a fine massive simplicity and sometimes a 
coloui value as sensitive as Turner's own Cdzanne has been, 
credited with the discovery of “ essentia! form ” 

Beginning with Cezanne, the Neo impressionists — with only a 
tew exceptions — demanded the " illusion of solidity ’’ In 
common with the English pie-Raphaehtes their aims were 
slinotuial, not merely visual like those of the Impressionists 
The pre-Raphdelites, however, with ail the mass of structuial 
detail which they introduced into their pictuies, could never 
attain the same " roundness " seen in the work ol C6zanne with 
his simplification of forms In Turner's painting the structural 
and visual aims were nearly reconciled , Mr Roger Fry has said 
that each relonn in the history of painting has been an attempt 
to balance these two aims * 

Gauguin. Paul Gauguin’s hnks with Cdzanne were repudiation 
of naturahsm and a ceitain defiance of perspective Paitly 
Peiiivian on his mother's side, he developed on individual, exotic 
lines as a supremely decoiativc artist Superb in colour and 
design, his art has chiefly influenced designers for decorative 
industries. His aims are apart from the modem in serious 
pamtmg, and for this leason he is not so important as Cdzanne. 

( 71 ) 



ART ANO ARCHITECTURE 3! 

Tile consistent illusion ol solidity docs not appcnr lo 1 roubh' him. 
Using a heavy outline frequently to unity hi.s design, thuiguin's 
figures are thither quite fiat or in relief — soinetimcB in tlio same 
picture. While negligent of scientific ligliUug clfecfs, ho iirodnoed 
deeply psychologicaf atmosphere in many of his work.s painted 
in Tahiti, where he went in 1891, specializing tlicncofoith in 
poetic and faithful renderings of the rich colour and spirit of the 
South Sea Islands. Notable among his pictures are “ Contes 
Barbares," a barbaric idyll of two women and a man amongst 
^lovely and strange flower forms ; " The Spirit Watchers,” 

” Nevermore ” and ” Te Renoa,” studies of native women charged 
with mysterious or tragic feeling ; also his portrait of Van Gogh. 

Van Gogh. This artist, a Dutchman, began to paint in Paris 
in 1886. His work was chiefly influenced at the outset by 
Pissan‘0, Renoir, Cfeanne and Seurat. In common with Renoir 
he used much green and red, with resultant masses of splendid 
colour in his vigorous designs. His painting is somewhat hard, 
applied with heavy strokes, sacrificing, after the fashion ot the 
Post-Impressionists, delicate qualities of texture to structure and 
form. He concerned himself, as did Cdzanne, dnefly with 
pattern. This did not im|)air his power of characterization in 
ills porti-aits, while it gave a strange clear-cut beauty to his 
flower pieces and landscapes. 

Matisse. The most distinguished associate ot the three Post- 
Impressionists already named was Henri Matisse, born in 1869, 
who carried the search for absti'aot pattern still farther — so far, 
indeed, that some, of hi.s subjects are deprived ot rc.somlilam'O to 
Nature. He painted landscape, figure, interiors anil flower 
pieces. Beginning under the influence ot Cdzanne, later Matisse 
led the Fauves, at one time termed ” the incoherents.” 

Fauvism was taken up in other European countries and found 
particular acceptance in Germany. The group headed by Matisse 
' returned to direct simplicity of expression. He, like a Primitive, 
worked freely with colour and line ; like the early Italians, he 
submitted to the '' discipline of rhythm " but not to the discipline 
of Nature. Copyists of Matisse failed because he could make no 
rules tor their guidance. He paints each picture with the treat- 
ment he teels that it requires, inventing new qualities in the 
sensitive relations of colour and in line. Breaking away from 
Cubism (see Lesson 22), he painted flat, ignoring alike shadow, 
modelling and perspective. 
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LESSON 22 

Developments in Modern Painting 

(Sec plates 17 and 18 ) 

A ftkr the Post-Impressiouists and the Fauves in igo8 
arose the Cubists, with Pablo Picasso (b, t88i) as their 
leader. Cubism, as the name implies, is mathematical 
in lorm ; in its purest style it deals solely with abstract patterns* 
and its aim has been defined by Roger Fry as an " abstract 
language of form — a visual music.” Carrying Cdzanne’s geo- 
metrical simplification farther, the Cubists declared that the 
abstract pi'imitive form is the cube ; circles are merely edge-worn 
cubes ; flat instead of curved surfaces arc, therefore, emphasized 
in tfieir compositions. Six cubes can form a primitive human 
figure — four tor the limbs and two for the head and trunk 
Cubes lend themselves readily to making fine geometrical patterns. 
Anyone who looks at what is known today as ” modem " design 
in rugs, tapestry, wallpaper, dress fabrics or pottery is really » 
seeing patterns which owe their origin to the urt experiments of 
the Cubists and Fauves ; receiving theii forni from the first — 
cubes being split up into facets at will — and line and colour from 
the second group, with a few subsequent developments and 
profuse adaptation. 

The excellent side of the Cubist training is the ability it gives 
to resolve things to their simplest forms and to grasp their 
essential shapes ; to hate alike sentimentality and vague treat- 
ments ; to regard a weak, blurred outline as a crime and to 
prefer even a distortion. Cubist pictures are hard and definite, 
their atmo.sphere and texture sacrificed to their technique, but 
the method of splitting the object up into facets of flat planes 
means that its structure has been understood and the 
result can never be pretty-pretty or cfhll. Tfie Cubist—or any 
structural painter — values light as a means of explaining form ; 
faces of planes are differentiated to the eye by the tones resultant 
from the angle at which the surfaces are to tfie light ; painting 
these tones lighter or darker gives the object its " solid ” shape. 

Picasso. Pablo Picasso, though born at Malaga, is counted 
among leading French painters ; he settled in Paris in 1903, and 
came into the reactionary group of the Post-Impressionists. 
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Ilis eairliest paintings are both poetic; and realistic, notable 
achievements. Like Watteau, Daunnor, and Oega.s before him, 
he often chose his subjects from the picturesque behind-the- 
scenes of the entertainment world — pierrots, the harlequinade, 
circus characters, the ballet. After a brief incursion into " I’Art 
NSgre.” which was intriguing Paris in the years before the war, 
Picasso, drawing inspiration from El Greco and Cezanne, formu- 
lated Cubism. In this movement Juan Gris, a Spaniard born at 
Madrid (1888-1927), was soon associated. His portrait of 
■H’icasso, painted in 1912, is a clear example of early Cubist 
technique, with its effect of a first stage in a wood-carvmg. 
About some of Picasso’s work at this time is an extraordinary 
feeling of disintegration, expressive of the analytical thought and 
general disruptive tendencies of the decade preceding the Great 
War. He sometimes put his portraits together in fragments from 
different points of view (after the manner of ancient Egyptian 
reliefs) ; they may show the eye full face in a profile, the shoulders 
square to the spectator and the legs again viewed sideways. 
Such experiments on his part were, however, educative and 
" directed towards the clearing away of his old concepts and 
creating afresh, and not merely imitative 

Picasso about 1915, with the French painter Georges Braque 
(b. 1881), began studies in abstract pattern, not to imitate but 
to create form ; perspective and realism quite vanished from 
his pictures. Both painters used objects such as violins, jars, 
pipes and tools, merely for their intrinsically decorative shapes, 
to form compositions ; Irom these things they created not ordinary 
still-life pictures, but new patterns. It was during this period 
of his experiments that Picasso so greatly influenced modern 
design , Cubism has practically changed the forms of nearly 
everything made within the last twenty years. Of late his 
painting, still in the experimental stage perhaps, has become 
even more dilficult to understand, but he is accepted as a master 
of organized form and crfnstructive design, and both architecture 
and sculpture have been influenced by him, as well as industrial 
design, throughout the civilized world. He has transferred 
ordinary reality to poetic ideality. 

Later developments in France include “ Beyond Cubism,” 
or Purism ; Dadaism, which appeared in 1920, machinery 
forming the basis of its designs ; the Sur-rcahsts ; and the New 
Independents, reacting against Cubism. Le Corbusier, the famous 
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French arcbiicct and Icndca: of Purism, clelines style as “ unity 
of principle animating all the work of an epoch, tlie result of a 
state of mind whicli lias its own special character." Our own 
epoch is determining day by day ils own -style. Out of all 
these movements mingled, we have the modern style, 

Futurism and Vorticism. Of Fuiiiri.sm, wliich started in Italy 
in 1910, under the leadership of the Italian writer Marinetti, 
and of Vorticism, there is only space for briefest mention here. 
These movements originated in the years before the War in a 
wave of dynamic violence in art, with its inci easing interest in* 
machinery and its wild desire lor emancipation from the past. 
In Futurism arbitrary symbols — " force lines and rhythms ” 
together with quasi-geometric patterns— are substituted for 
realistic representation ; a work of art is a purely subjective 
expression in an absolute, personal " language." Attempts to 
paint the passage of time — ^by drawing, for instance, ten arms 
to represent a single jirm in motion — are a pha.se of Futuiism 
which is a synthesis of the movements of living creatures, or of 
objects in activity. Vorticism, a vaifation of Cubism and 
Futurism, found its appropriate subjects in the mechanism of 
modern weapons, and in vast armies of robot-like creatures at 
drill or on the march, Wyndham Lewis is tlie chief exponent of 
Vorticism in England, with his compositions of planes and 
wedges, the cast-iron countenances of his inliuinan figures, the 
symbolism of mass production and general mechanism of the 
machine-ruled modem world. 

In England, Claude Flight is the most intelligible and ingenious 
follower of Marinetti’s Futurism ; he has latterly developed a 
fine technique in lino-cuts and is the leader of a group in this 
interesting branch of graphic aii;, which 4’ Hers from that of the 
woodcut, not only in the use of a different material and in greater 
resultant softness in the print, but also in the method of 
printing. The ti-ansterence of colour from the lino-block to the 
paper is effected by rubbing on the hack of it and not by 
means of the priniing press. This gives the lino-cut an effect 
somewhat similar to that of the Japanese colour prints. 

The Nash Brothers. The art of the woodcut has also returned 
to favour. Leading figures in its revival are the brothers Paul 
and John Nash, born respectively in 1889 and 1893. The work 
of both these artists is of extraordinary interest, Examples of 
their war pictures show the strong influence of Cubism, in their 
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striking patterns and tlu'ce-dimensional solid compositimis. 
Even in later work their methods are powurl'ully structural, 
the very antithesis in landscape of those of the Impressionists. 
John Nash, however, shows a tendency to icv'cit to naturalism ; 
without losing his fine sense of pattern he is dropping ceitain 
mannerisms and increasing his breadth of handling masses and 
sense of atmosphere. Paul Nash has a wide range — from such 
pictures as his war landscape. " Menin Road," with its terrifying 
effect of space, to his fine seascapes, sympathetic water colours, 
■dramatic woodcuts and posters 

Augustus John. Though born in 1878, Augustus John is 
essentially a modern painter while independent of prevailing 
" isms.” His paintmg is vigorous ; his skill in composition, 
especially in his large group pictures, is magnificent, as may bo 
seen from the study of his decorative cartoon " Galway " at 
Millbank. His portraits are dramatic and spontaneous— the 
latter quality ranks John in the opinion oi some critics among the 
Impressionists — remarkable alike for fine draughtsmanship and 
rich colour. Notable examples are his " Madame Suggia," 
" The Smiling Woman " and " The Yellow Jacket,” at Millbank ; 
in Manchester are " Meirildi ” (Platt Hall), the portrait of a dark- 
haired woman of interesting personality, comparable in its fine 
design and painting with a Venetian master’s work, and the 
" Boy " (City Art Gallery), with its simplified yot accurate 
treatment and fine brushwork. 

Nevlnson and other War Painters. The painting of such men 
as the Nash brothers, C. W. R. Nevinson, Stanley Spencer 
and Henry Lamb in their tragic war pictures combines vivid 
reality with the hard definite style, which is, in great part, thefi 
individual development of Cubism. Their war pictures should 
be studied in the Imperial War Museum, together with others 
by artists for bare mention of whom there is no space here. 
A powerful war picture by Nevinson is “La Mitrailleuse ” at 
Millbank. Here the grifn reality and cruelty of war are terribly 
expressed by the simplification of the forms into straight-edged 
planes of light and shade. 

As Mr Charles Johnson, m " English Painting,” has pointed 
out, Henry Lamb's great war pictures, “ Irish Troops among the 
Judean Hills” (Imp. W. M.) and "The Advanced Dressing- 
Station on the Struma ” (Manchester City Art Gallery), exhibit 
pie-Raphaelite minuteness of detail. In his later work this 
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Ptiintcr l)as shown deeply sympathetic uisight into character 
in portraiture. An early work, " Phantasy " (Millbank), is a 
fine example of his aim at constructing solid shapes with firm, 
hard contours. 

Stanley Spencer is a very accomplished, original and deeply 
sincere painter. Apart from his war pictures, which include 
a series of mural paintings on the walls of an oratory at Highclere, 
his most successful works — or, at least, his most popularly appre- 
ciated — are his landscapes. His mystical paintings, " Christ 
bearing the Cross ’’ and his large " Resurrection ’’ (both at Mi^^ 
bank), show extraordinary distortions of bodily types and 
inhumanity of faces. It appears impossible for the painter 
to combine his mystical ec.stasy with the convincing realiism 
which marks such beautiful pattern-compositions as " Fighting 
Swans " and " Swan Upping at Cookham." 

The broad result of all these intellectual — mathematical and 
philosophical — art movements has been to promote in English 
painting structural composition, sincerity, and an echo of that 
caffection for painstaking detail which marked the work of the 
great pre-Raphaeiite Holman Hunt. This Lesson completes, 
the brief summary, beginning in Lesson 13, of European painting 
from the Primitives to the present day. Of necessity, in the 
limited space available, many inteiesting painters have been 
omitted ; various tendencies in art have not been dealt with. 
The student is recommended to visit all notable picture galleries 
and loan collections within reach, and also to attend any lectures 
given by official lecturers, or other authorities on painting, when 
opportunity arises. 

LESSON 23 

Sculpture Without Prejudice 

(See plates 19 and 20) 

•• 

A fier the apogee to which the genius of Donatello and, 
later, of Michelangelo had raised the art of sculpture 
(see Lesson 14, Volume 3, page 64), it languished 
throughout Europe for the best part of two centuries, only 
galvanized from torpidity by flamboyant design and the " move- 
ment ” which characterizes decorative art of the rococo period. 
This decadence may be broadly described as the aftermath 
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Dohatello and Michelangelo. Mi Wileusl.i ohsi ivcs that Doiia- 
lellii, the most tyjiical ot isth leiiLiiiy ftpuiis, t.ii horn copying 
tile antique, foicslallecl fhe Romiinticii ot the igtb centmy, 
that hi.s work has been ot caitlinal service to I’pstem as a modeller 
tor brons'C , tliat Donatello’s ait was not Gieek, was not even 
spceihoally Italian, but intei national and mti'iisely Gothic m 
i haracter " It is not till we get to Michelangelo’s work m the 
1 6 th century that wc encounter sculpture that is no longer 
Gothic, and Michelangelo’s attitude . . . was more like that of 
the ungiruil sculptors of our day " The last .statement lefers 
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to the Italian mastci’s preference for caiiitng as opposed t 
moiUlhng m day a piefeienre .haied by mauvnioddii sculptoi' 
Michelangelo himself carved his own statues, diiectly int 
maible, gcneially without the aid of a preliniiuai y model, excep 
a small sketch m wax or clay He regaided carving as es icnti.ill 
sculpture and modelling as an ait similai to painting Obviously 
plastic clay is the most suitable medium for the subtleties c 
naturalistic sculptuie or portraiture embodying the Komanti 
doctiines " that art is natuio seen oi imagined through th 
artist’s temperament, and that sculptural beauty is emotional^ 
expiessive chaiactei ” (Wilenski, ibid) Ducct carving demands 
greater accuracy, labour and clarity of t oncept Michelangelo 
considered that ' the finest aitist has no concept which the 
marble alone does not contain within itself ” This idea that 
essential sculptuie is " collaboiation betiveen the sculptor and 
the block of resistant substance beneath his hand ” is also m the 
creed of the modem artist who appreciates his material 
Precuisors of Michelangelo, the medieval aicluiectural sculp- 
tors, were also concerned with helping stones to symbolize 
lift , they were not conceined as arc modelleis of the Romantio 
school, with " conveitnig living liguies into de.id matcual ” 

The worship of tlie ' aniKpic ’ was just as annoying to the 
independent and scientitic minds of the Renaissance cicative 
sculptors as picjudice-pio is to those of our own day Dona- 
tello's and Michelangelo’s work was legaickd by contempoiaiy 
collcclois as utterly inferior to the ideal, ustoied statues ftiiished 
with more or less appeal of sensual beauty aciotduig to the 
customoi’s lequiierncnt 1 he output of Greco-Roman sculpture 
was vast, practically evciyi Roman house, cvoiv public building 
and place in tlii Umpire, east and west, was docoiated with 
statiiaiy, eithei looted by the Romans from Greece in the and 
century b c , or piocUioed by their own sculptors Almost equally 
vast was the scale of statue bitaking by the Goths and Vandals 
in their laids over Latni-Hellenic tciritbiy and, in the 8th centuiy, 
of the iconoclasts like Leo the Isaurian who destioyed countless 
statues in Constantinople for leligious leasons as images, while 
others, remaming when the iconoclast fury was spent, weie 
refashioned from the onginal Greek into Christian images 
Concoctions o! Antique Statues. By the loth centui'y a whole 
antique statue would be a rare find indeed — the bulk were eithei 
melted dowm if of bronze, or, if of stone, were in fiagments buried 
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in the ground. Wiih Lhe revival of Greek cultiue diiiini!; the 
Renaissance the unemployment nucstion of Lhe day was nicL by 
enrolling ga.ng.s of diggers to unearth these fragments, and by the 
tremendous work in restoration and concoction started tortluvitb 
by the lesser sculptors and assistant craftsmen. The di'alcrs in 
antiques supplied the Vatican, the courts of Europe, nol)lu 
collectors and museums with ideal restored or faked aiitiiiuos troni 
thenceforth. 

World-renowned pieces as we see them to-day — the " Venus 
dfe Milo ” and the " Victory of Samothrace,” to mention only two 
in the Louvre — are concoctions of fragments put together by 
restorers. The torso alone of the " Victory '' consists of ii8 pieces 
stuck together after arrival in Paris in 1863, ths fragments having 
been sold to a Frenchman in the island of Samothrace. How can 
all these fragmentary compositions — even if the result is some- 
times beautiful — be considered as authentic antique sculpture ? 
Mr. Wilenski, with reference to the " Victory,” says, ” If this 
concoction had been concocted a hundred years earlier, it is, I 
submit, only reasonable to suppose that we should know it in 
'quite other and more Greco-Roman shape," In Lesson 5, volume 
I, page 39, a more conservative view is expressed of Hellenistic 
art. To-day the sculptor is apt to react too violently against it 
owing to the abuse of the Greek tradition ; mere imitation must 
always be stale and unprofitable 
Renaissance Sculpture. The Middle Ages were free from the 
Greek prejudice, and much fine and vigorous sculpture was 
directly carved in .stone on Gothic cathedrals, etc. (see Lesson ii, 
volume 2, page 39). After the Renaissance the work of that 
elegant craftsman Lorenzo Bernini (1508-1680) affords a striking 
example of the deplorable decadence which set in. Successful in his 
day as sculptor, painter and architect (in architecture his moat 
notable achievement is the colonnade of St. Peter's, Rome), on 
contemporary sculpture he exercised a baleful influence, with 
his pseudo-classicalism, his extravagance of design and his 
emotional theatricality. Some of his work, after the type of 
” Apollo pursuing Daphne," possesses a pretty grace which, when 
dwindled to the proportions ol chimney-piece ornaments, could 
serve as an inspiration for the designers of mythological figure 
groups in the china factories. His portrait busts ol royal and 
noble personages show his delight in the long hair or huge wigs and 
in the intricate patterns of the lace collars in vogue at the time . 
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iiigs— wiHunit suing Hn oiignul ami wiHuint ninginaHve 
vision — all bliinislus oiiitIUd 

Hotidon [( in iViitoinn Itoudon (1741 -iSiS), the Flench 
sculptni, woikitig in Hie lattei lull ol the 18th and eaily igth* 
centuiics I'oicstallcd Rodin in his Romantic iiiLeicst in (.motional 
chaiacter iciilistic detail and expiessioii He ceitainly put 111 the 
blemishes His portrait bust of Gluck, the roinposn, shows on 
the animated face liaces of small pox Away fiom the 
conventional allegorical figuie is Hoiidoii’s " Negress, ' designed 
during the French revolution for a foundation to commemoiate 
the abolition of slavery, pioclamied by the National Convention, 
Feb 4, 1794 A plastci cast of the head is tcmpoiaiily in the 
Louvie Ideal gionps wire sciilptuied by him but it js as a 
porti ait-sculptor that he is famous busts and st Hues include " 
J J Rousseau Voltaiie, Miraheaii Lafayette, hranldm, 
Washington (ho itsHcd Amtiica to tvecute this statue) and 
Napoleon A maibU bust of the l^niperoi, exhibited in the 
Salon of I Soy, is now m the IVIiisdr at VcisaiUcs 

CouLempoiaiy with Iloiidon w(u the Italian si ulptoj Antonio 
Caiiov.i (1757- who piodiurd a vast lUiiount of highly 
limshed woik on academic pseiido-dassical lines, and John 
llaxnian (i7‘)5-ifi2(5) m England Flaxman, also, was academic 
in style, and Ins chief claim lo aclniiialioii lies in his designs for 
engravings to illustrate Dantes " Divme Comedy,” and iil his 
decoiativc hue ” Illustiations to Homer,” rather than in his 
monumental 01 ideal sculpluies 

Allied Stevens. A follower of Canova’s artificial tiadition of 
smooth glace, and equally hidebound in " Gieek ” convention as 
understood in Ins day, was Beitel Thorwaldsen (1770-1844), a 
Danish sculptor who worked in Rome for foity years and executed 
many allegorical and “ pagan " statues. A portrait bust of 
Byron by hmx is at Cambridge, but the principal collection of 
his works is at Copenhagen His pupil assistant, Alfred Stevens 
(1S17-1875) possessed, m common with other great artists ■ 
Poussin, David, Ingres and Turner, for instance — ^the faculty of 
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in the ground. With the revival of Greek eiilture cluiiiig ti'o 
Renaissance the uncmployineiil. tiucstion of the day wa.s met by 
enrolling gangs of diggers to unearth these fiagmonls, and by the 
tremendous work in restoration and concoction started forthwith 
by the lesser sculptors and assistant craftsmen. The dealers in 
antiques supplied the Vatican, the courts of Rurope, noble 
collectors and museums witlj ideal restored or faked antiques from 
thenceforth. 

World-renowned pieces as we see them to-day — the “ Venus 
[fe Milo ” and the " Victory of Samothrace," to mention only two 
in the Lonvre — are concoctions of fragments put together by 
restorers. The torso alone of the “ Victory ” consists of 1 18 pieces 
stuck together after arrival in Paris in 1863, the fragments having 
been sold to a Frenchman in the island of Samothrace. How can 
all these fragmentary compositions — even if the result is some- 
times beautiful— be considered as authentic antique sculpture ? 
Mr. Wdenski, with reference to the “ Victory,” says, ” If this 
concoction had been coacocied a hundred years earlier, it is, I 
submit, only reasonable to suppose that we should know it in 
'quite other and more Greco-Roman shape.” In Lessoir 5, volume 
I, page 39, a more conservative view hs expre.ssed of Hellenistic 
art. To-day the sculptor is apt to react too violently against it 
owing to the abuse of the Greek tradition ; mere imilEitiou must 
always be stale and unprofitable 

Renaissance Sculpture. The Middle Ages were free from the 
Greek prejudice, and much fine and vigorous sculpture was 
directly carved in stone on Gothic cathedrals, etc. (see Lesson ri, 
volume 2, page 39), After the Renaissance the work of that 
elegant craftsman Lorenzo Bernini (1508-1680) affords a striking 
example of the deplorable decadence which set in. Successful in his 
day as sculptor, painter and architect (in architecture his most 
notable achievement is the colonnade of St. Peter’s, Rome), on 
contemporary sculpture he exercised a baleful influence, with 
bis pseudo-classicalism, fiis extravagance of design and his 
emotional theatricality. Some of his work, after the type of 
” Apollo pursuing Daphne," possesses a pretty grace which, when 
dwindled to the proportions of chimney-piece ornaments, could 
serve as an inspiration for the designers of mythological figure 
groups in the china factories. His portrait busts of royal and 
noble personages show his delight in the long hair or huge wigs and 
in the intricate patterns of the lace collars in vogue at the time , 
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adding to the swiilmg ettect ol movcmeui, ho swathes the sliohl- 
ders with voluminous ihapety 

The sculptois of the Renaissance were f.ti scientifirally cm ions 
that in then endeavour to ai live al naturjlishc poitraHslhey used 
death-masks and casts fiom lite as studies llemini could tmn 
out an admiied bust m Ins most exjienstvc style Irom two paint- 
ings — without seeing the oiiginal and without imaginative 
vision — all blemishes omitted 

Houdon. fean Antoine Hoiidon (1741-182&), the French 
sculptoi, working in the latter half of the i8th and eaily igth* 
centuries, forestalled Rodin in his Romantic interest in emotional 
chaiacter lealistic detail and expiession He ceilainly put in the 
blemishes His portrait bust of Gluck, the compose!, shows on 
the animated face tiaces of small-pox Away from the 
conventional allegorical figure is Houdon’s “ Negress,” designed 
during the French levolution for a foundation to commemoiate 
the abolition of slavery, pioclaimed by the National Convention, 
Feb 4, 1794 A plaster cast of the head is temporaiily rathe 
Louvie Ideal groups were sculptured by him, but it is as a 
portrait-sculptor that he is famous busts and statues include 
J J Rousseau, Voltaue, Mirabeau, Laftiyette, Fianklin, 
Washington (he visited Amenca to execute this st.itue) and 
Napoleon A marble bust of the Emperor, exhibited in the 
Salon of 1808, IS now in the Mus^e at Versailles 

Contemporary with Houdon weie the Italian sculptoi Antonio 
Canova (1757-18-22), who pioduccd a vast amount of highly 
finished work on academic pseudo-classical lines, and John 
Idaxman (1755-1826) in England Fiaxman, also, was academic 
in style, and his chief claim to admiration lies m his designs for 
engravings to illustrate Dante’s ” Divine Comedy,” and in his 
decorative line ” Illustrations to Homer," rather than m his 
monumental or ideal sculptures 

Alfred Stevens. A follower of Canova's artificial tiadition of 
smooth giace, and equally hidebound in " Gieek ” convention as 
understood ra his day, was Beitel Thorwaldsen (1770-1844), a 
Danish sculptor who worked m Rome for forty yeais and executed 
many allegorical and " pagan " statues A portrait bust of 
Byion by him is at Cambridge, but the principal collection of 
his works is at Copenhagen His pupil assistant, Alfred Stevens 
(1817-1875) possessed, in common with othei great artists — 
Poussin, David, Ingres and Turner, for instance — the faculty of 
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abstracting knowledge lor his, own purposos fiom his profound 
study of the work oX Michelangelo and oHier masler.s. Slovens 
ictunied to.England in i8,)2, the most ihoronghly educated artist 
of the igtli century. His was the inlioiciitly classical teiupei'a- 
ment — u.sing the word classical in its meaning of austerely giaud 
and dignified, and not Grcco-Romaii (sw Lesson 19, page Oo). 
A representative collection of his woik is at Millbank, and plaster 
models for the Wellington iiionumcnt, St Paul’s, and of the I'lro- 
place for Dorchester House are at Victoria and Albert Museum. 

Rodin. Seeking and experiment are the keynotes of original 
artists : sculptors have had their piart iu the movements briefly 
described in the previous Lessons in this Course. The greatest 
sculptor of the Romantic movement in the 19th century was 
Auguste Rodin (1840-1917), who began his artistic training in the 
studio oi Antoine Barye (1795-1S7.5). a French sculptor noted, for 
his bronze animal groups and statues, such as his famous lions 
at the Louvre. Like the Impressionist painter Manet, Rodin's 
first recognition by the art critics was effected by shock In 1864 
ho exhibited the statue of a ’’ man with a broken nose.” By 
1877 " arrived.” His ” Age of Bronze,” in the ShIuii, was 

acquired by the State and placed in the Luxeinboiirg (Lirdoiis. A 
bronze replica of his ” Burghers of Calais ” — whicli i utrage.d all 
the convention.? of his day — may be scon in the Victoria Tower 
Gardens, London, while his magnificent gift of rejiuvsentative 
sculptures to the British nation during the Great War is at the 
Victoria and Albert Museum. His famous " Thinker, ” his ” Eve,” 
which excited quite as much protest and initial disgust as any 
statue of Epstein's, and his greatest work, ” The Gate of Hell,” 
illustrating Dante’s ” Inferno,” containing t86 figures— which 
took up almost all his lifetime from 1880, and was left nnfiiiishod — 
all these show his dramatic expression and power of convoying 
emotion by gesture and po.se. His habit of leaving a figure 
emerging from an unfinished block is inteiilioual and charactor- 
istio of his Romantic tendency, not only to force contrasts but 
also to focus the spectator’s attention on the particular point of 
interest which the sculptor wishes to stress by completing that 
portion and leaving all ise in the rough. 

Rodin never carved ; day modelling was the only possible 
medium for Ms work. The varied surfaces when cast in bronze 
aid the impressions he desires to create. Marble versions of Ms 
statues were produced by independent marble workers. 
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DERSON 24 

Universal Forms in Scnlptiire 

{Sec pi itcs 21 aiul 22) 

T o label tJie ,iri of oiir period the eod of tlu Rom uitic- 
Impie&sioniht movement and return to CUsjUism 
(using the last word m its austere meaning) is paitial 
truth Form is certainly set above feeling sUuLluie bcfoic 
impiession , theie is appeal to the inteihgtnce latlui than to 
sentiment, leliance on mathematical axiom and fundamental 
shapes rathei than on association of ideas , but it is here that 
we branch away fiom the Classic revivals of the past The 
French tirtist-iirchitect Le Corbusier has said “ Ait is no 
longer anecdotal, it is a somce of meditation aftci the day's 
work it IS good to meditate” Painteis and sculptois have 
been experiim nting and concentrating on pi Item and shapes 
of abstiact beauty, or of umveisal chaiacter lather than on 
hteial lepresentation, individual or stoiy mteust , whcio then 
work possesses such interest it is subordinated to the formal 
design Everywhere ait is simplihed, diastically liberated by 
being stnpped of excess and shams There has liicn a reluin 
to the elemental in the endeavour to stile the puibh m afiesh 
Expenments continue, an immense eleaiuig and piodiictive 
work has been aceomphshed which has had tin ctfi ct of c hanging 
all ideas in mdastiial art since Picasso foiniulated Cubism (st’i 
Lesson 22 page 73) Not tJiat it is possible 01 c\ cn remotely 
desirable, to fetter art to industry , but by such me aiis a synthesis 
has been anived at which will be knoiin to history as the style 
of our peiiod — still, peihaps, m its e iily stages after tlmty years 
of experiments There is haimony between the lu w aichiteituie, 
sculpture and painting , between these gitnt arts and all their 
decoiative depcndants—pottciy, metal, ’glass, furniture, miual 
and textile design 

Modem original sculptors, like the painteis seeking pioduclive 
inspiiatioii, have endeavoured to return to the staiLing point 
and re-educate themselves They began with the idea of 
essential sculpture as an activity consisting in the fashioning of 
form , a work which has sculptural meaning, 1 e the meaning 
of its form, need have no anecdotal 01 sentimental meaning 
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, Rusfcln, hi " The Seven Lamps of Arcliilccfiire,” fells us : 

" I have said that all art is abstract in its beginnings , that 
is to say, it expresses only a small iniinber of (he qualhies of the 
thing repie'sented. Curved and complex lines are ropiesented 
by sLiaight and simple ones; inteiior markings of foini aie few 
and much is symbolical and conventional.’' 

In some cases sculptors have advanced towards greater 
completion of their work ; in others they have continued of 
their own free will along the line of what Riiskm terms " noble 
abstraction,” that is, to gather out of objects” those ai rangenients 
of form which shah be pleasing to the eye in their intended 
places,” or they have experimented with the essential characters 
of symbolical life. 

Rnskin. over sixty years ago, defined sculpture as ” the 
reduction of any shapeless mass of solid mattei into an intended 
shape,” and he displayed a cry.stal sphere as the es.sential tyrpe of 
sculptured form in the round (i e. not relief carving) ; thus— 
as R. H. Wilensld, in “The Meaning of Modern Sculpture,” 
points out — foreshadowing the modern sculptors' initial creed 
and their initial concept of form He says • 

'■ They thought of themselves as architects ot sculptures in 
the round ; and their first concern was to discover the simplest 
type of three-dimensional meaning That type they found in 
the sphere, the cube and the cylinder ; and they .sought to 
fashion statues which would be apprehended in the way that 

the sphere, the cube and the cylinder are apprehended 

And in the eaily stages they rigorously restricted their studies 
to this field.” 

Geometrical Harmony In Art. Greek philosojihy has been 
placed above Greek art. According to Plato's " Philcbus,” 
Socrates affirms that geometric forms are not only relatively 
beautiful, ” but tliey are eternally and absolutely beautiful,” 
while that which is commonly termed art is mere guess-work 
plus skilful craftsmanship. The sculptors Brancusi and Gaudier- 
Brzeska (1891-1915) made pioneer experiments in geometrization 
early in this centuiy. The former, in accordance with the 
Socratic idea of beauty, has made sculptures which only have 
meamng as universal or decorative shapes ; the latter resolved 
figures into geometrical forms and also formalized natural 
structures. Gaudier-Brzeska was killed in the War ; three small 
pieces of his sculpture are at the Victoria and Albert Museum : 
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“ Tlio Fallen Woi-kman/’ a bronze cast from an cjarly stedy ; a 
marble torso of a girl, and a statuette in plaster, '' The Dancer. ' 

With regard to formalization of natural stmeture.s, the modern 
sculptor shares with the sculptors of the Renaissance* the scientific 
•spirit of inquiry. Just as the latter were deeply interested in 
anatomy and death masks for the purpose of realism, so the 
former are interested in results of photomicrography. Back to 
Nature they may go, but from a new and scientific view-point 
— not the guess-work which Socrates condemned — which has 
revealed the almost unbelievable perfection of detail in th* 
geometrical construction of organisms. Fossilized skeletons of 
minute sca-plants — diatoms, for instance — when magnified 
hundreds of times, show octagonal, hexagonal and pentagonal 
varieties in absolute symmetry. The spiral curve, which is the 
plan on which the ammonite shell was developed rnillions of years 
ago, has been used throughout the history of art and again 
appears in modern geometric sculptured compositions. 

In his two volumes of series of remarkable photographs, 
entitled " Art Forms in Nature,” Professor Karl Blossfeldt 
shows that an almost inexhaustible variety of lovely geometrical 
designs exists in plant organisms. When magnified, all idea of 
theii' haphazard growth is dispelled. In his foreword to the 
second series Professor Blossfeldt says : 

" Every sound expansion in the nature of art needs stimulation. 
New strength and stimulus for its healthy development can only 

be derived from Nature The plant may be described 

as an architectural structure, shaped and designed ornamentally 
and objectively. Compelled in its fight for existence to build in 
a purposeful manner, it ... . combines practicability 

and expediency in the highest form of art. Not only then in 
the world of art, but equally in the realm of science. Nature is 
our best teacher.” 

By such studies sculptors have arrived at what Mr. Wilensld 
[ibid] calls ” the concept of the univefsal analogy of form, the 
concept of all human, animal and vegetable fox-ms as diflerent 
manifestations of common principles of architecture, of which 
the geometric forms in their infinity of relations are all symbols ” ; 
thus we see that modern sculpture is an effort towards truth to 
Life, and not merely truth to Nahtre in the old individualistic 
sense. The next generation of sculptors will probably achieve 
balance by proceeding along more individualistic lines, but they 
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will have learnt much fioni these expcriiiu.-nts, just ua llie modern 
painters learnt much horn Odzanne (see I.osson 21, page 61)). 

Although Greek statues are viewed by them without aentimculal 
bias, various' modem sculptors have taken a b:u,kw.ud glance ai 
Greek art without becoming enslaved in past aeiideiuic ttadition. 
Aristide Maillol (b 1861). who, with Jacob Gpsiem, may be 
termed a transitional master between Itodin and the modern 
sculptors, went in 1909 to Olympia, there to study the Greek 
temple fragments, and alter wards to Athens and to Naples. 
^ pupil of Rodin, Maillol reacted against the emotive quality of 
the great Romantre, but did not become a convert to the antique ; 
his work is modern in his creation of generic and not particular- 
forms. The most famous of his sculptures are the monument to 
Cdzanne and the War Memorial at Ehre ; various rinportant 
works are in collections in Germany, where he has had a great 
vogue, and he has been a constant exhibitor in Pans at the Salon 
des Independants. His French followers are many, and m 
England Frank Dobson has developed Maillol's work along lines 
of his own. We owe to Dobson the definition of a work in 
.bronze as a “ record of work in a fluid medium — clay." 

Zadkine and Archipenko, who are not French but who exhibit 
in Pans, are other modern sculptors whose work shows traces of 
Greek affinity as differentiated from Asiatic, They find formal 
meaning in some of the archaic Greek statues in the round, 
though the essential cubic or cylindrical shapes of these were 
borrowed from the Egyptian academic tradition, which was 
already centuries old when the Greek sculptor.s used its formula. 
Picasso, abandoning painting for the time being, has made many 
interesting experiments in sculpture. He too seems to have 
looked with his eager and critical gaze at the Greek fragments, 
as well as at all other plastic forms of the past — to have con- 
structed astounding models for himself from wood and from wire 
in order to wrench from these new patterns and forms. 

Mr. Wilenski tells us that the creative modern sculptors have 
studied Chinese-Buddhist sculptures, to find that their concepts 
of plastic form are ha.sed on " spheroid, ovoid and cylindr-ical 
forms," and their flowing rhythm is accentuated by lines of 
drapery which are drawn in these shapes. He suggests that if 
we make our minds a blank, except for the cubic form of Egyptian 
sculpture, the linear rhythm of the Chinese-Buddhist carvings, 
and (with several other pietas) Michelangelo's pieta in St. Peter’s, 
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Rome (see Volume PUle lo), then xve are in a position to 
study Epstein's " Niglit ” caived on the Underground Building 
over St fames’s Park Station, Wcstmiiistei , 

Epstein. Violent controversy has raged round the sculptuis 
of Jacob Epstein (b r88o) since 1907, when he first gained 
notoriety by his figures for the new buildings of the British 
Medical Association m the Sliand, London , but that his work is 
the expiession of genius of a very high productive older is now 
geneially conceded IIis clay-modelled busts cast in bionze 
have found many adraiiers, because they are meiely Ins owts 
development of the Romantic style of Rodin and, farther back, 
of Donatello , therefore they have shocked less than his direct 
caivmgs in stone, such as “ Day and " Night," " Genesis," 
" Ecce Homo," " Coiisummatum Est,” and " Adam ” 

Apart from his portrait busts which are Romantic, Epstein 
has used a negioid or (as in ’ Night ’) a Mongolian facial type in 
his work, thus giving it an individualistic touch lacking 111 the 
more modern work of English sculptors such as Henry Moore, 
whose carvings m stone and alabaster, ' Girl," 'Mountains' 
(a study of a lecumbent woman) and many compositions aie 
symbols of life Barbara Hepworth, whose Musician " and 
" Motliei and Child " are essays m cubic foini , Maurice Lambert, 
whose Sumerian studies have inlluenced his direct carving, but 
who can also pioduce a poetical ahsti action of a yacht 
Carvings on buildings form a characteiistic part of modern 
sciilptuie when they aie integral to the building, and not merely 
modelled figuies placed ui ceitain positions as ornaments 
Epstein’s aichitectural sculpture is carved mainly m the position 
it IS to hold and entnely by his own hand An interesting 
experiment was made by the English sculptor Eric Kennington 
at Stratford-on-Avon on the Shakespeare Memorial Theatre 
with his series of large figure reliefs m buck on brick 

Whatever may be the particular leaotion Lo modern sculpture, 
it IS nevia dull future productions ’should be yet fuller of 
interest, with their new developments and efforts to embody 
the doctrine already expressed m the work of the Chinese artist 
philosophers of the T'ang age (a d 700) ; ' Vv^e leact with satis- 
faction to works of art which make us realize that all forms in 
Nature are manifestations of the unity and harmony of Lite " 
Our Course In Art and Architecture Is continued in Volume 5 
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Facts and Theories Concerning Comets 

(See plates 23 and 2t) 

comets with parabolic orbits are the most nimierous, aad, 

I together with those possessing what appear to be hyper- 
bolic orbits, the most mysterious. As these bodies 
sually only become visible somewhere within a Ihnit of about 
,50 million miles, we may never even know the exi.stcnce of all 
those with a perihelion distance beyond this. The greater pro- 
portion of these comets, about 63 per cent, come within the 
earth's orbit, and another 30 per cent between the orbits of the 
earth and Mars to perihelion. 

Now, since about 300 new comets of this class (as distinct 
from the periodic comets con.sidered in Lesson si, Volume 3, 
page 104) are discovered in a century, with a tendency to in- 
creasing numbeis, the total must amount to several thousands, 
The all- important question is whether they ever return, The 
relatively small portions of their orbits which are. oliservaiilo 
permit of the possibility that, instead of parabola.'i, they may 
be extremely elongated ellipses, in which their outward and 
return paths are almost parallel. This is, of course, velativt to 
the sun , but since the sun, together with the whole solar system, 
is travelling very rapidly in a certain direction in .space, we realize 
that, relative to space, these comets’ orbits would be far from 
parabolic. They might, therefore, be ellipses if Drey return, 
or hyperbolas if they do not. 

Now. it so happens that there are about zo comets whose orbits 
are apparently hyperbolic. When, however, account is taken of 
the deviating attractions of the greater planets, particularly 
Jupiter and Saturn, it *s found that the comets’ paths, which 
may have originally been ellipses, have been distorted in ap- 
proaching the sun into hyperbolas, and into what appear to be 
hyperbolas as they recede from the sun, whereas actually the 
orbits are ellipses, and so the comets will eventually return. 

Thus, the evidence inclines toward all comets being an integral 
part of the solar system, and, consequently, the old belief that 
the parabolic and hyperbolic comets travel across space Irom 
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sUir to .st:iT and visit our .snu Init onri', is iiiiprobablc. If all 
comets cnu be lei^anlixl as iiu'mtk'is ol the sun’s lamily, tli« 
problem ol ibeii oiif^iu will ho liclpoil toward some solution 

'I'liat rnmels aie celestial bodies and not iutau,'{ible phenomena 
is proved by their hein;^ goveined hy the force of gravitation. 
Tlicicfore, they must have mass; this has been found to be 
very small in pioiioiliun to tlieir vohnnu or bulk, and though it 
ha.s not been loiuid possible to measure a comet’s mass definitely, 
it is ceitain that tlu' largest comets do not contain more material 
in their compo.sition than could be condensed into a sphere lo 
miles in diameter. 'L'liis small mass has been proved by the fact 
that comets exercise no perceptible perturbing or deflecting 
force on the planets, whereas the latter produce great perturba- 
tions upon comets. 

Nearly all the body oi a comet is contained within its nucleus, 
that is, the bright centre within its head or coma. Comets shine 
partly by reflected sunlight, but are to a certain extent self- 
luminous. Moreover, while the coma and nucleus, if any, obey 
the laws of gravitation, the tail does not. This always curves 
and floats away into space in a direction opposite to the sun's 
attraction; hence as a comet recedes from the sun after perihelion, 
its tail always iircceilos it. A comet may have more than one 
tail — perhaps three or four extending fan-shaped or as curved 
streamers, tlii.s oifcct being pioducecl by the comet's motion. 

Composition of the Tail. The tail appears Lo be composed of 
exceedingly minute par tides ol matter geneiated by the comet in 
llio form ol highly rarelicd gas. The particles are .so small and 
light that the radiation pressure of the sun’s light is greater than 
the sun’s gravitational pull ; they are thus driven away into 
space, causing a continuous lo.ss to the comet. The particles 
composing the tail are seen being produced in bright comets 
from the head as jets of light or as hollow luminous rings ; the 
processes are often well shown in photographs of comets. The 
tail is frequently absent from smaller c’omets — as if all the finer 
particles which might enter into its composition had been lost. 
On the other hand, a comet may develop a large tail and also a 
brilliant nucleus, originally absent, as it approaches the sun, 
the brightness of the comet increasing as it nears the sun. 

There is always a more or less globular head or coma, which, 
in a typical comet, contains a bright nucleus ; but in many 
instances, particularly in small comets, the nucleus may be 
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absent and replaced by a more diffuse condensation, ns shown in 
the picture of Encke’s comet in Volume 3, Plaie 24. Occasionally 
the condensation is absent, particularly when the comet is at a 
great distance from the sun ; then the comet will frequently 
develop a nucleus as it approaches the sun, and go through 
fluctuations of brilliancy with successive oiiibur.sls of material 
which expand the tail. In a few exceptional instances the 
nucleus has been seen to become double (and even quadruple in 
the case of the Gieat comet 1882 III), but in these cases the 
phenomenon precedes division of the comet. 

Dimensions. The dimensions of comets impress us by their 
vastness. The head of Halley’s comet had at one time during 
its last visit a diameter of 550,000 miles, two-thirds that of the 
sun ; but this had varied betvveen 30,000 and 220,000 miles 
during most of its visibility while approaching and receding from 
the sun. The head of the Great comet 1811 I was over a million 
miles in diameter — that is, it was much larger than the sun. On 
an average the heads of comets are between 10,000 and 150,000 
miles in diameter. 

The nucleus within the head or coma is much smaller, often 
not more than too miles in diameter. The nucleus of the Great 
comet i8ii I was only 428 mile.s at one time, while that oi 
Halley's comet was only about 500 miles across, 'I'he nucleus 
of the Great comet 1882 III, before it divided, was 1,800 miles 
in diameter — one of the largest known. Donati's famous cornel 
1858 VI had a nucleus only about 630 miles across at a lime when 
its tail was 45,000,000 miles in length. As with other parts of a 
comet, the nucleus varies considerably in size as it progresses in 
its path toward the sun. The nucleus oi Donati's comet, lor 
instance, varied between 5. 000 miles and only 400 in width, 
shrinking as it neared the sun, but at the same time greatly 
increasing in brilliancy. The tail, on the other hand, expanded 
enormously. This comet had an elliptical orbit ; it is expected 
to return in about 2,000 Jears. We see that the dimensions of 
comets vary considerably. The Great comet 1811 I had a tail 
over 100,000,000 miles long, so it would have stretched farther 
than from the earth to the sun. The tails of the Great comet 
1882 III were 60.000,000 miles long, with a diameter reaching 
to 15,000,000 miles, Their volume must have been colossal, 
yet stars will shine through all this cometary material with 
undiminished lustre ; from this we gain some idea of their 
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tciiiiUy. ScInvnr/.-^t'.liilil cnlniiLilwl tliat lliore cunld not liave 
bcnn more tiiafmiat lu -',000 cubic tnilcs of fhe tail of Halley’s 
coiiu't flr.in Ihmc la in a cntnc inch of ordinniy air. , 

Composition of tlio Nucleus. The nucleus is much more 
snhslantial, spectioscopy levealiiig the presence of nitrogen, 
cyaiKij'cii, hyiirocarljiiiis. c:iri)ou uumoxulc and radiations of 
sofliinn aiul iron when ihe comet is nearer the sun. These gases 
do not reiircscnt all the inateiials composing the nuclens, but only 
the radiant product of the romnioUon, fricfion or combustion 
taking place in flic tUicIctis. Tlieie is good reason for rcgaiding® 
most ot the elements with vvliich we are familiar as entering into 
the composition of comets. This will be explained when we deal 
with meteors, and also why the nucleus of comets is now regarded 
as composed of innumerable discrete particles ranging from the 
size of grains and marbles to masses a hundred feet or more in 
diameter. How close all these particles are together or vvhat 
is the nature and speed of their movements, to produce the in- 
tense luminosity when near the sun, the eim.ssion of gases and the 
niaferial for tlieir gigantic luminous tail, can only be inferred 
from the meteoric matter into which cornels have been found to 
disintegrate. 

Division and Dissolution. There is no doubt that comets 
gradually waste away ; they also part asunder and thus deterio- 
rate ; this process was witnessed in the ca.se of the Great comet 
1882 HI, also in that of Taylor’s comet 1916 I, a Jovian comet 
of short period, and of Brooks’ comet 1S89 V, which passed so 
close to Jupiter that it became divided, the two parts separating 
and following short y-ycar orbits between Jupiter and the sun 
in.stcad of the previous zy-ycar orbit. This was a clear case of 
“ capture,” as it is called, by Jupiter, which may account for all 
the Jovian ” family ” of comets. There are other instances 
of comets dividing and even vanishing in consequence. The 
most noteworthy is Biela's comet, which was seen to become 
double in 1846 ; it returned in two parts in 1852 and then 
vani.slied. It.s period was about 6J years. It should, therefore, 
have appecjed several times since, but, instead, a brilliant 
meteoric display was witnessed when the earth crossed its path. 
Remnants of this comet are thus still met with as meteors, and 
destroyed in the earth’s atmosphere each November. 

While comets thus dissolve and vanish their origin is still a 
problem. One 'theory is that the material of comets originated 
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m a meteoric or cosmic dust cloud a million, or so years ago, 
and that the solar system in its journey through space passed 
through such a cloud. Another more probable theory is that 
comets represent material ejected from the sun and planets 
millions ol years ago, when their eruptive activity was (ar more, 
violent than now. Yet another suggested solution is tliat comet.s 
originate in a vast quantity of exceedingly rarefied material 
encircling the outer periphery of the solar system, many times 
beyond the orbit of Neptune, to include the orbits of comets 
nwith periods approaching 10,000 j^ears. At such distances the 
speed of a comet would amount to only a few yards a second ; 
this would slowly increase, until a speed approaching 30 miles 
a second would be attained as it passed the earth’s orbit. On 
nearing the sun this would rapidly increase in proportion to the 
nearness of the comet's periheUon to the sun’s surface. Comet 
1882 III, for instance, sped round the sun with a velocity of 300 
miles a second. 

The possibility of a comet's nucleus striking the earth must be 
admitted, but from elaborate calculations the chances would 
appear to be one in many millions of years. Then such collision 
would aniount to no more than a local and dense fall of meteorites. 
There are evidences of such falls having occurred ; these will 
be discussed in a succeeding Lesson under meteorites. 

LESSON 23 

Meteor Showers of the Night Sky 

(Sec plalo 34) 

M eteors produce the streaks of light occasionally to bo 
observed shooting across the night sky, and are there- 
fore popularly known as '* shooting stars." They are 
not stars, however, and in reality they do not shoot but fall 
Sometimes one or mord" of these bodies will reach the earth'.s 
surface before being completely destroyed. Such bodies are 
known as meteorites or aerolites. 

It is possible to see an occasional meteor on any dark, starlit 
night when the moon or artificial lights are absent, but on more 
rare occasions a meteor will appear as bright as Venus or Jupiter 
and last for 2 or 3 seconds, leaving a luminous train, which will 
remain sometimes for a mhiute or two. Still more rare are those 
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splendid meteors which sometimes riviU tiro full moon in brih 
hatice, light up the landscape and have even been seen in day- 
light ; these are usually known as fire-balls, a tonu \sdiich musfc 
not be confused with the electric phenomena associated with 
thunderstorms. 

These different types of meteors have not the .same origin, 
though they are all individual bodies travelling freely through 
space and from distances amounting to many hundreds of millions 
of miles — in some cases, thousands of millions — far Ijeyond 
the orbit of Neptune. Consequently, there is a great interest 
attaching to bodies which have travelled so far and arrived in 
such numbers, eventually to become part of the earth. 

While speeding through interplanetary space, meteors are 
invisible on account of their small size ; they only appear after 
penetrating the earth's atmosphere, and when they arc at a 
height of between 8o and loo miles above the earth’s surface. 
Then they become visible through ignition, in consequence of 
the heat generated by friction again.st the air, vrhich is intense 
at the speed with which they are travelling — and, as a rule, the 
meteor is consumed. 

Speed of Meteors. The average speed at which the meteors 
travel when near the earth is about 26 miles a second, but this, 
HR observed Isy us, may be increa.scd relatively, owing to the fact 
that the eaitli travels at about 18 J miles a second. Consequently, 
if our world and the meteors arc approaching head on, as it were, 
the observed speed may amount to over /fo miles a second 
On the other hand, the speed of meteors approaching the earth 
obliquely, or from the rear, will seem relatively much slower, 
their apparent velocity being only a few miles a second. Such 
meteors are more likely to reach the earth's surface, since thcii 
combustion i.s slower ; they usually appear reddish and less 
bright. The meteors which do not reach the ground may disap- 
pear at any height; since most of them are very small they vanish 
when between 50 and 30 miles above the surface, after travelling 
along a path which, though it averages only 30 miles through the 
air, may, in the case of large meteors, be over 200 miles in length 

While the number of meteors counted by a single observei 
on a fine dark night may amount to between 6 and 8 an hour, 
on some nights this may be increased, until at certain weU-known 
times it can exceed 60 meteors an hour. Though the arrival 
of the large individual meteors caimot be predicted, yet there are 
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Ttany meteor swarms or showers which appear with a periodicity 
that can be foretold to within a day or two. 

Meteor Radiants. The meteor swarm o£ a particular period 
will be seen to come from a certain spot in the slty if the meteors 
be traced back to their first appearance. This point is called tlie 
radiant : it is the same for ail observers, and repre.swits the 
direction from which the meteors approach the earth before they 
enter its atmosphere. Therefore, eacli swarm of meteors lias 
its own particular radiant, the meteors from which are named 
rfter the constellation in which the radiant is situated — as, for 
instance, the Leonids, from Leo. Sometimes, when more than 
one radiant is known to be in a constellation, it is named after a 
particular star which appears near by. such as the Alpha Lconid.s, 
which are distinct from the above. The stars have no connexion 
whatever with the meteors. 

The meteor radiant is defined according to degrees in right 
ascension and declination on the celestial sphere. These are the 
imaginary lines which correspond to those of longitude and 
latitude respectively on the terrestrial spiiere. The whole of the 
meteors from a particular radiant are known as a meteor swarm, 
and each swarm has its peculiarities in addition to tlie date of 
appearance; some are swift meteors, those from other radiant.s 
slow, while some swarms are reddisti others bluisit. The most 
notable meteor swarms, together with the dates about when they 
appear and the radiant point of each, are listed in a table in the 
next page. The Greek letters indicate the star after whicli tho 
radiant is named. 

The dates of the radiants given in the table may vaiy by as 
much as a day — this is usual in leap years ; moreover, the posi- 
tion of the radiant in some cases is known to move slightly during 
the display. Altogether, about 1,200 radiants are known. 

If any one swarm or shower (as it is called when the display 
takes place) be watched throughout the night, the number of 
meteors seen usually increases towards the morning hours ; 
the observer is at that time nearer the apex or direction of the 
earth's motion in her orbit. He is, as it were, then at the front of 
the earth, whereas in the evening he is at the rear, and the effect 
is comparable to the greater number of raindrops caught ip front 
by a person advancing against a downpour. 

Meteor Showers. Quite the most remarkable among the 
meteor swarms are the Perseids, Leonids, Androniedids, Lyrids, 
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7 Aquarids, v Dracomcls and « Capiicoimds 'I’hoso liavf on 
many occasionsi piovuled supub displays Uu' I’lisiuN, owe 
known as the Tears of St Lawrence, aie to bo been fioin midai|,bt, 
when their radiant ib low m the noitb-easl, IhuiuHliont llu' ni(i!U 
■until between 3 and 4 a iti , when the ladi.int is> almost uvti lit ul 
and the ineteois appear to fall from the /cmlh 1 hey aic veiy 
swift, usually small and then paths short, an aceiapo at 60 lIii 
hour being often oovmted at then annual display , wUilo at tinus 
this will be doubled Although the maximum ocems at some 
time between August 10 and 12, yet some of these mcteois aie 
to be seen 3 or 4 weeks beforehand The posilioii of the radiant, 
which changes from night to night, is given in the preceding 
page for the date of maximum display 

The Leonids have piovided the most famous of all meteor 
showers The first record of their having been observed is in 
A D go2 and records since then show that the shower came 
in greater biilliancy and piofusiou thrice a century Every 
year a lew of the swarms are to be seen they ai e low in the cast 
about midnight, their numbers consider ably in ci easing after- 
• wardb until they attain their maxima about 4 am Then they 
appear high up in the south Ihese mclcois have not been 
very numerous m recent yeais, but 011 some histone occasions the 
display has been supeib In the yeai 1799 they rcsimbled hie- 
works fiom a celestial fountain, pouring from the ladiant and 
spreading out over the sky This appearance is the eflcct ol 
perspective, for actually the meteors travel m p.uallol piths 
In 1833 this grand shower was repeated, 200,000 an houi being 
the estuuate of some observers — and this foi but one position 
with a hunted view of the whole The display lasted about six 
hours 

An expert investigator, H A Newton, predicted m 1864, 
from a study of past records, yet another return of this Leonid 
Swarm to take place on November 13 or 14, 1866 It came true to 
time, and was in a lesser^dcgiee repeated m the following year 
Then J C Adams, of Neptune fame, computed the orbit of this 
meteor swarm, and found that the meteors travelled in a long 
stream o-yer a very elliptical orbit, a more concentiated mass of 
the meteors constituting the grand swarm These cross the 
garth's path eveiy 33 to 34 years, when our world is in their vici' 
lity, the meteor shower being the effect of numbers of them 
collidirig with the earth’s atmosphere. 
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PICTURES BY THE PRE-RAPHAELITE LEADERS. Above, left, is “ The Aniuinda- 


tion " painted by Dante Gabriel Rossetti (1828-1SS2), with its tormal and beautiful 
design. Right : “ Claudio and Isabella," by Holman Hunt (IS27-1910), a harmony of 
dramatic appeal and decorative pattern. Below is the “ Oph^^ha" of Sir John Everett 
Millais (1829-1896), jewel-like in its brilliance of colour. ART and Architecture iq 
'I'oii Utl and boLtoin, tSaiiomU (Julltirjj: top right, Oatlery, London 
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\UTY oy SPRING AT BARBIION. JeaiwrriUiJfois millet 1 lxSl l-r5), whoso 
istic- art was poetic and not objoctivcf was the son of a peasant and famous 
his pictures oi l-rench peasant life. He worked chicDy at I^arbizon, v.'hero 
'' Le Printemps (above) was painted. Art and Akchitkctuki' 20 
T/fr hfiiivrf' 
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It was expected that the slioiver would be repealed in iSyg or 
igoo, but the results were disappointing, except that early on the 
morning of November 15, 1901, many thousands ol the meteors 
were observed in the western States of North America. It is 
feared that the main swarm has been deflected by Jupiter and 
other planets. More recently filty Leonids an hour were counted, 
although the moon was present; this was the normal annual 
display. 

LESSON 24 

Some Facts about Meteoric Bodies 

(See plates 25 and 26 

M eteorites, or, as the larger specimens are often called 
aerolites, are those fragments of meteoric material which 
survive entire combustion and reach the earth’s surface 
more or less intact ; in many cases they are subsequently found 
deeply embedded in the ground l,arge luminous bodies of 
this class, while travelling through the sky, are sometimes called 
bolides and fireballs. The meteorites are always the remains of 
these large bodies ; a considerable portion of their material has 
become vaporized and entered the atmosphere as gases and dust 
during their swift incandescent passage to the ground. If their 
velocity is greater than about six miles a second the frictional 
resistance of the air will generate this incandescence, and since 
the speed at which they enter the atmosphere usually far exceeds 
this — -amounting in many instances to about torty miles a second — ■ 
the heat generated and the consequent loss of material are 
considerable : in thi.s way, only a residue of the less combustible 
elements is left, which accounts for meteorites being such heavy 
bodies. Much of the vaporized material enters into the composi- 
tion of the earth’s atmosphere as gas, while a proportion subse- 
quently falls as meteoric dust ; in Arckc regions this dust is 
perceptible and may be collected from the snow. Thus it 
will be seen that there is a constant accretion by the earth of 
*;meteoric matter. 

h_ Fireballs. In the case of the large spectacular meteorites 
commonly called fireballs, the period of incandescence is too short 
to consume more than an outer layer, the interior being unaffected 
if the fireball remains intact Fireballs have even been found 
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quite cold soon after reaching the ground. The lengih of tiiiu' 
occupied by these .solitary hroballs in their Ihght will uflen 
amount to several seconds, their paths Ircquenlly nvu'liiu;,; lo 
between lo6 and 2,000 miles in length. Their piogicss is ulten 
irregular, while becoming perceptibly slower owing lo air resist- 
ance ; ultimately, it may be less than lo miles a .second. The 
spectacle is occasionally very fmc, as the meteoric liiehall strews 
its path with sparks of varied colours and lights u|> the lauilseiijHS 
as biightly as the full moon ; sometimes fireballs rival I he uioim 
sin apparent size. A roar or thunderous sound frequently follows 
their appearance, and, since some of them e.viplode. they are 
known as detonating and bursting meteors. They usually leave 
a trail behind, produced by the hot luminous vuipours given o(I 
in their flight ; this may last for several minutes, or longer in 
exceptional cases. Therefore, tlieir paths may be measured with 
exactitude, and their height, vanishing point and size calculated 
from various observations at different points, by two or more 
observers of the same object. 

Between four and five arc to be observed annually in one 
locality ; from this it is to be inferred that the actual number of 
these large meteoric fireballs, which annually become part of 
the earth, must amount to thousands. The great majority will 
fall in the sea, as it is so much larger than the land, while only a 
very few of those wliich are seen to fall are ever recovered ; 
nevertheless, many thousands have been collected, aud are in 
various museums and private collections of the world. The, so are 
chiefly the heavy metallic meteorites, soinetime.s called .sidcriio.s, 
which, owing to their weight and crystalline exterior, are more 
easily recognized, whereas the stony meteorites, which actually 
constitute the gieat majority of the recovered particles of the 
meteorites seen to fall, will, unless their position is noted, nfluii 
get lost or overlooked through appearing as coinmoii stones j 

Notable Meteorites, The following are the most notable recoiiL 
examples. An exceptignally jiiie meteorite was observed early 
in fte morning of March 24, 1933, in Mexico, Te.xa.s, Kansas 
Arizona and Colorado. It first appeared at a height of about 
6j miles above Oklahoma State, aud disappeared at a heiglR of 
between 6 and 8 miles over a point in the State of New Mexico, 
Its detonations were heard in five Stales; they were accom- 
panied by a roar likened to artillery, rattling of windows and 
vibrations of the ground. 
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On October g, 1933, a fine display ot meteors foUnwrd the 
retnrn of Giacobiui's comet of igoo, which seems to indicate that 
meteor swarms accompany disrupted comets. On January 3, 
1935, a brilliant fireball was seen at a height of 55 miles over the 
Eng]i.sh Channel, 23 miles south of Christchurch, passing ao miles 
above Wotton-under-Edge, Glos. ft was described as being 
brighter and larger than the full moon and producing a chain of 
sparks visible for nearly three seconds. As during this time it 
travelled 92 miles, it was a slow fireball ; it changed colour and 
finally broke into two pieces A detonation was heard at Brad- 
ford-on-Avon due to the meteor's rush giving rise to shock waves 
sounding like thunder. ' A shower of brilliant meteorites was 
seen in Southern Sweden during the evening of May 27, 1938, 
together with two extr.'i»rdinarily bright fireballs. As will be 
seen from the table of radiants there is no shower known for this 
day. But it may be that this display was due to a stream which 
had been perturbed and thus met the earth's orbit. On October 
2, 1938, a fireball was seen for 30 seconds from Brittany, about 
tlie size of the full moon and with a red trail. 

Metallic and Stony Meteors. The meteorites or aerolites have 
Very often, after cooling, a crystalline exterior, and are covered 
with what appears to be a black carbonized glaze ; this is the 
result of surface fusion and subsequent rapid cooling. There 
\re two characteristic varieties, the metallic or “ iron ” meteorite, 
and the uranolith or " stony ” meteorite The metallic examples 
are usually composed of mai “s of iron, together with nickel, 
cobalt, magnesium and othef' elements The stony examples 
are masses of crystalline rock, and these masses often possess 
peculiar crystals of familiar elements, si^;h as limestone, magnesia, 
and siliceous stone ; faulting veins, fragmentation and re- 
cementation are frequently perceptible, serving as indication.s 
that the meteorites were composed of old rocks and material 
blown out of volcanoes, or were the particles of a disrupted 
world. Some possess a large admixture of iron. Altogether 
nurr'Tous elements have been found in meteorites ; these are 
chiefly iron, nickel, oxygen, silfcon, magnesium, sulphur, calcium, 
.c'o^f-.lt, aluminium, sodium, and even argon and helium, while 
hydi^en, nitrogen, carbon monoxide, hydrocarbons and phos- 
phide of iron are present in diSerent chemical combinations. 

Meteorites in History. The most notable meteoric masses 
are to be seen in museums. The South Kensington Museum, 
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for inslaiice, possesses a very fine eollcclion ; one specimen 
weighing aboutaj Ions was found atCninboiirne, near IiielbQunic 
Australia, in 1854 One of file oldest ineieorilc's of the fall of 
wbicli llierc is an anthcnfic record is in the parish church of 
Ensislieim, in Alsace, snsiiended by a chain. The reo.orh 
that on November 16, 1492, a crash of tlmndcr and prolonged 
noise were heard, while a stone rveigbing 260 pounds Was seen by 
a child to fall in a field, making a hole more than g fgot deep 
The black stone of Mecca, in tlic sacred Kaaba, is anotliei ancient 
meteorite. The primitive '' image " of Diana at Ephogins, vvliidi 
was regarded as having fallen from the god Jupiter, wasj doubtless 
another meteorite. A Chinese record of 616 b.c. refers to a 
meteorite which killed 10 persons. Divy mentions a fall of 
meteorites as occurring about 650 B.c. This was accompanied 
by " a mighty noise.” The astronomer Gassendi saw one fall 
in 1627 which weighed 59 pounds , this was in Province. The 
largest single mass was found in Greenland, and brcmght from 
Melville Bay by Peary for the Museum of Natural History in 
New York ; it weighs 37^ tons Another large specimen was 
found in Brazil, weighing 6 tons ; while one still remains in the 
ground in Mexico weighing about 60 tons. One of the largest 
found in Britain fell in Yorkshire in 1795, weighing 56 lb. I® 
1914 a meteoric mass fell near Wigan, wcigliing ;53 lb,, and 
another near Perth in 1917, weighing 38 lb. 

These bodies do not always travel singly ; occasionally the 
fireball consists of large numbers ol usually smaller bodic.s, all 
massed together. Such a fall occurred at Pultusk, iir Poland, on 
January 30, 1868, when over 100,000 were estimated to have 
fallen. In 1510 a large numboi fell near Padua, some weighing 
up to 100 lb. Between 2.000 and 3,000 aerolites fell at L’Aigle, 
in France, on April 26, 1803. At Mocs, in Hungary, on February 
3, 1882, over 100,000 were estimated to have falkjn. About 
14,000 fell in Arizona on July 19, 1912. Most mysterious and 
devastating was the lalj which apparently occurred Qji June 30, 
1908 ; though the fall was not actually observed, a very brilliant 
light was seen in the sky from the east of Scotland and elsewhere 
in northern Europe. Even at Greenwich a strange glare was 
noted, resembling the dawn, while many places reported the 
period before midnight becoming as light as day. Subsequently, 
it was found that peasants in Siberia reported a great; explosion, 
earth-shock and earthquake vibrations north of Irkutsk, where 
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there was much destruction. Finally, the area was e.xplored in 
1927, and a group of meteor craters were found containing at 
least 130 tons of meteoric stones. The forests for 40 miles from 
the scene were destroyed, the trees being laid Hat. 

Most famous of all evidences of past meteoric falls is the 
great meteor crater in Arizona, situated near Win, slow and the 
Canon Diablo, far from all volcanic activity. It presents a 
depression 600 feet deep and about 4,500 feet in diameter ; 
thousands of iron meteorites have been found, and doubtless 
large numbers remain buried beneath the crushed masses of rocU« 
Another crater is known in Texas 530 feet in diameter, while a 
group at Henbury, in Australia, has one crater about 600 feet 
in diameter. Others are now being discovered annually in 
unfrequented areas of the earth, and are the subject of exploration. 

LESSON 25 

Unsolved Problems of the Solar System 

(See plates 27 and 2 S 

S N the preceding survey of the various bodies that constitute 
the solar system, we have considered all those which are 
individually visible and may be studied as separate units 
of the grand whole , but there remain certain phenomena 
which cannot be so studied. The most notable of the.se are 
the zodiacal light and the Gegenschein. 

The zodiacal light may be observed in the west soon after 
twilight has vanished, and also in the east just before dawn. 
It produces a faint cone of light, appearing in these latitudes 
more or less tilted, as shown in the illustration in plate 27. 
This cone of light is best seen in the evenings in spring, when it 
slopes upwards toward the left from where the sun has set, 
In the mornmgs it is best seen in the early autumn, when it will 
slope towards the right from about where the sun vyill rise later. 
A clear and fairly dark moonless sky is necessary to reveal the 
cone of pearly zodiacal light. It is brightest near the horizon, 
and actually extends to about 45 degrees from the sun — which, 
however, has to be some distance below the horizon before the 
light becomes perceptible. Much depends upon the clearne.ss 
of the atmosphere and the angle which the cone subtends to the 
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horizon ; hence spring and autumn arc best for observation, 
for then the cone of light is nearer to perpendicular than in sum- 
mer or winter, since it follows the angle of the ecliptic, zodiac, 

Origin of Zodiacal Light. This singular light has boeP found, 
spectroscopically, to be the same as sunlight reflected from the 
moon, and, like it, it is partially polarized. Thus it is evident 
that the zodiacal light is reflected from solid particles o^^viously 
too small to be perceptible, even through most power'hd tele- 
scopes. Close observation in tropical lands has sho^n that 
!*.he light in a very faint degree extends over the entire sky- 
more intensely along the line of the zodiac — and links up with 
a small replica of the zodiacal light. The latter is the Geg^i^schein, 
which appears in the opposite side of the sky and covers an area 
about lo degrees in diameter. The centre of this 
or " counter-glow," is directly opposite the sun. 

Thus it becomes evident that there exists a large Ignticular- 
shapod belt of small bodies or particles encircling the sun and 
extending to beyond the earth's orbit ; the zodiacal ligPi^ is that 
which is reflected from the particles within the circu'^forence 
of the orbit, while the light of the Gegenschsm con^ss from 
particles outside its circumference. They must be ex('®udingly 
smaiii, approximating to meteors m size, and on an 'average 
several miles apart — otherwise the combined mass woulcl sensibly 
affect the motions of the earth, Venus and Mercury iu fheir 
orbits. 

Matter from Space. When we consider the myriads f^f'sso 
particles, together with the innumerable meteors which are 
speeding in some thousands of streams along their elliptical 
orbits to and from the sun, we realize that interplanetfl-’’y space 
is far from being empty, although visually it appeal's so. It 
has been calculated by Professor Newton that 20,000, meteors 
large enough to be visible to the naked eye enter the earth's 
atmosphere every day and thus become part of our worfob Hence 
there is a constant accr-etion of material, which must result in 
the gradual growth of this and pther planets. This material 
has been calculated to amount to about 36,500 tons p^r annum 
on an average — that is, assuming that .something like roo tons 
fall on the earth every day from the 20,000,000 meteor^- These 
estimates, though necessarily vague, are based upon observed 
facts, and we find that even the deposition of this afuount of 
material would require, according to the calculations of Professor 
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Young, about i.ooo.oqqoqo yeai*? to accumulate a layei 
one inch thick over the eaith s surface Planetary growth i*,, 
therefore, by this means exceedingly slow nowadays, but it may 
not have been so in the di^|j,nt past, when quite possibly meteoiic 
matter was far more piol,hc than at present 

Ollgln Ol Meteois. We aie now at the threshold of the problem 
of the origin of the eaith planets and solar system generally 
Have the planets giowq by the accretion of meteoiic matter 
through the lonj aeons of tune ? If they have whence have 
come the meteors ? ff has been found that some meteor < 
swarms represent disintp^irated comets others the residue of 
known comets For ei^ample, the residue of Tuttle’s romet 
of 1862 produces the Persiid meteors of August io-ii| the 
Leonids of November i5_i6 are the residue of TempeTs comet 
of 1866, the Andronieffjd nicteors of November 17-23 ha\e 
piovod to be the disintegiatcd Bicla s comet which was seen 
to pait asundei and has smee vanished The Aquands ol May 
2-6 are the residue ot Ha,iiey’s comet while the Pons-Wninecke 
comet appears to be responsible for the Draconids of June 
37-30 and the Comet iSfjj v for the Capncoinids of July 24-26 
It appeals that the nucleus m the head of a comet is composed 
of a great concentration of meteoric bodies or particles all probably 
in violent commotion, then concentration and consequent 
concussions inci easing 1^3 the comet approaches the sun 
It may, therefore, be Inferred that all meteor streams are the 
product of cometary disintegration Now if it could be proved 
that all comets originally entered the solar system along hyper- 
bolic paths from outer space, paths which were subsequently 
transformed m many ca^gg mto elliptical paths we would have 
a possible source of the meteoric mateiia) from which, in the 
course of ages the planets have grown This, in brief, is the 
meteoric theory of the growth of woi Ids and systems 

There are other theorjgg which appioach this problem from 
vlMtaxarJ- -nteinTpinirdf mf •arrci' ijven do t&e extent 

of accounting for the ori^m of the planets and their remaikable 
senes of similaiities — such as theu common direction of orbital 
motion, lotation, the clogeness of the planes of their orbits, the 
singular sequence of then propoitionate distances horn the 
sun as 'represented by liode’s Law, togethei with the Wd,y m 
which the suii s equatoi and its rotation conform to those of the 
revolving planets 
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Laplace’s Hypothesis. Tlic nebular hypoLlicsis of Laplace is 
the oldest and best known of these theories, and may be described 
as follows. Suppose that we have a nebula or cloud of primordial 
luminous mist — say, some 6,000,000,000 miles in diameter 
This nebula must be subjected to two distinct causes of change. 
First, all its material particles must attract one another by the 
law of gravitation, so that the nebula tends to condense towards 
the centre ; simultaneously, the luminous or incandescent 
particles composing the nebula would be constantly radiating 
heat out into space. Such a nebula could not for a moment remain 
at rest, even if if was originally in such a condition — which is 
practically impossible. For, as it gradually radiated its heat, 
it would Contract ; and, having acquired a rotation about an 
axis, this would gradually become more rapid, to preserve its 
angular momentum. Finally, the speed near the edge of the 
rotating mass would overcome the pull of gravity sufliciently 
for this to resist further shrinkage and a separate ring of matter 
would become detached and continue rotating under its own 
centrifugal force. Subsequently, other rings would form in the 
same way at regular intervals. The material of the rings would 
under various gravitational perturbations tend to coalesce in 
masses, finally forming spherical bodies or planets, which would 
continue to revolve round the central nucleus (hat eventually 
condensed into the sun. Each of the revolving masses, while 
hot enough to preserve its nebulous condition, and having acquired 
a rotation trom tidal attraction of the central mass, would, when 
rapid enough, also shed minor rings, which in time would form 
spheres or satellites (except hi the case of part of Saturn which 
formed the rings). The asteroids or planetoids might also bo 
regarded as an distance in which the nebulous ring failed to 
coalesce into a planet. 

The theory has been found to have two objections : first, 
that the rings would not coalesce into single large bodies but 
into numerous veiy small ones; secondly, that if the nebula 
was rotating at such a rate as to throw oil the outer ring, the 
sun's present speed indicates that it is far too slow for it to have 
thrown off anything in that distant period. 

The Tidal Theory. The tidal theory, or, as it is technically 
termed, the Hypothesis of Dynamic Encounter, is a more recent 
explanation, which has grown in favour during the last 30 years. 
It assumes that the sun was at one time without planets ; then 
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another sun, or " wandering star," approached sufficiently near 
to raise enormous tides on our sun. These tides, reaching many 
thou.sand.s of miles in height, resulted in the material being finally 
drawn away from the sun. The illustrations in Plate 27 give 
a good idea of the suggested process and the ultimate evolving 
of the planets as a consequence. The " wandering star’s ’’ 
attraction would tend to impart a motion to the original mass 
in a direction similar to that in which the star was travelling, 
and thus the " embiyo " planets would begin travelling in what 
was later to become their orbits. Thi.s hypothesis thus explains > 
the angular momentum or speed possessed by the planets in 
their orbits, and also accounts for the sun's rotation in harmony 
therewith. 

Sir J. H. Jeans thus summarizes the situation in the light of 
recent discoveries : " The tidal theory is generally accepted by 
astronomers as depicting the most probable method of birth of 
planets. The theory is quite recent, and cannot claim any sort 
of finality yet. It is, nevertheless, the only theory at present 
in the field which can claim to be described as even plausible, 
all other theories having been convicted of insuperable objections.” 

LESSON 26 

Ancient and Modern Star Groupings 

T he nature and constitution of the stars are, more or less, 
similar to our sun, which, however, is a star far advanced 
in stellar evolution, and therefore much smaller than 
most other stars. About 2,000 can be seen at one time over 
the half of the heavens visible on a very clear and dark night, 
but haze and the presence of artificial lights normally reduce this 
number to less than half ; field-glasses will increase the number 
to twenty or thirty thousand ; to these must be added about 
half as many again, which are below the horizon and will come 
into view in due course. There are also about 25 per cent 
more which aie for ever out of sight in Britain, but which may be 
observed from southern latitudes. The telescope greatly in- 
creases the number visible with each increase of power, until 
about a thousand million are revealed by the most powerful 
instruments, and many more are known to exist in masses in 
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Laplace’s Hypothesis. Tlio nebulai- hypothesis of Lapl£)^,g • 
the oldest and l^ost known of tliose theories, and may be dcscyjijgjj 
as follows. Suppn.se that we have a nebula or cloud of primtjrjj^j 
luminous hiist — say. some 6,000,000,000 miles in dianie.t:gj. 
Thi.s nebula mii.st be subjected to two dislinct causes of changg' 
First, all its material particles niu.st attract one another by the 
law ol gravitation, so that the nebula tends to condense torvaidg 
the centre ; simultaneously, the luminous or incand^s(;e^t 
particles composing the nebula would be constantly radiating 
heat out into space, Such a nebula could not for a moment r^rualn 
at rest, even if it was originally in such a condition — wlii^h is 
practically impossible. For. as it gradually radiated its beat 
it would contract ; and, having acquired a rotation about an 
axis, this would gradually become more rapid, to preserve Its 
angular momentum. Finally, the speed near the edge the 
rotating mass would overcome the pull of gravity suf&ciently 
for this to resist further slninkage and a separate ring of hiatter 
would become detached and continue rotating under it^ 
centrifugal force. Subsequently, other rings would form in the 
same way at regular intervals. The material of the rings would 
under various gravitational perturbations tend to coalesce in 
masses, finally forming spherical bodies or planets, which would 
continue to revoi'vo rouua’ tie central’ uuci'cus that eveptuaffy 
Condensed into the sun. Each of the revolving masses, vvhile 
hot enough to preserve its nebulous condition, and having acquired 
a rotation from tidal attraction of the cential mass, would, when 
rapid enough, also shed minor rings, which in time woulq form 
spheres or satellites (except in the case of part of Saturn which 
formed the rings). The asteroids or planetoids might a, iso be 
regarded as an instance in which the nebulous ring failed to 
coalesce into a planet. 

The theory has been found to have two objections : first, 
that the rings would not coalesce into single large bodies but 
into numerous very small ones ; secondly, that if the nebula 
was rotating at such a rate as to throw off the outer rifig, the 
sun’s present speed indicates that it is far too slow for it to have 
thrown ofl anything in that distant period. 

The Tidal Theory. The tidal theory, or, as it is technically 
termed, the Hypothesis of Dynamic Encounter, is a more recent 
explanation, which has grown in favour during the last 30 years. 
It assumes that the sun was at one time without planets ; then 
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another siin, or " wandering star," approached sufficiently near 
to raise enormous tides on our sun. These tides, reaching many 
thousands of miles in height, resulted in the material being finally 
drawn away from the sun. The illustrations in Plate 27 give 
a good idea of the suggested process and the ultimate evolving 
of the planets as a consequence. The " wandering star's " 
attraction would tend to impart a motion to the original mass 
in a direction similar to that in which the star was travelling, 
and thus the " embryo “ planets would begin travelling in what 
was later to become their orbits. This hypothesis thus explains 
the angular momentum or speed possessed by the planets in 
their orbits, and also accounts for the sun's rotation in harmony 
therewith. 

Sir J. H. Jeans thus summarizes the situation in the light of 
recent discoveries ; " The tidal theory is generally accepted by 
astronomers as depicting the most probable method of birth of 
planets. The theory is quite recent, and cannot claim any sort 
of finality yet. It is, nevertheless, the only theory at present 
in ,the field which can claim to be described as even plausible, 
all other theories having been convicted of insuperable objections." 

LESSON 26 

Ancient and Modern Star Groupings 

T he nature and constitution of the stars are, more or less, 
similar to our sun, which, however, is a star far advanced 
in stellar evolution, and therefore much smaller than 
most other stars. About 2,000 can be seen at one time over 
the half of the heavens visible on a very clear and dark night, 
but haze and the presence of artificial lights normally reduce this 
number to less than half ; field-glasses will increase the number 
to twenty or thirty thousand ; to these must be added about 
half as many again, which are below the horizon and will come 
into view in due course. There are also about 25 per cent 
more which are for ever out of sight in Britain, but which may be 
observed from southern latitudes. The telescope greatly in* 
creases the number visible with each increase of power, until 
about a thousand million are revealed by the most powerful 
instruments, and many more are known to exist in masses in 
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En^lkh 

List of CoNsrEx.i.a-iiONs as Defined bv the 

Lahn or Greek Gfnitive A bbrevm- 

Nutne. 

Name. 

Fnim. 

tioi\. 

Cludiied Lady 

Andromeda 

Aiii IrouH’d.ie 

And 

Air ihiiiip’* 

Aiitli.i 

Anlh.ie 

Ant. 

Ttiid ol Paradise* 

Apus 

Apodis 

Aps. 

Water Hearer 

Anuariiis 

Aqii.irii 

Aqr, 

Yagle 

Aquila 

Aqiiil.ie 

Aqi. 

Altar 

Ar.i 

.Arae 

Ara. 

Ship Argo 

Argo 

-Argus 

Arg, 

Ram 

Aries 

At'iclis 

Ari. 

Wagoner 

Auriga 

Aurigao 

Aw, 

Herdsman 

Uodtes 

Bodlis 

Boo. 

Sculptor’s Tool* 

Caelum 

Caeli 

Cae. 

Gii'afie'* 

Cainclopardus 

Camelopardi 

Cam. 

Crab 

Cancer 

Cancri 

Cnc. 

Hunting Dogs* 

Canes Venatici 

Canum Venaticorum 

CVn, 

Dog 

Canis Major 

Canis Majoris 

CMa. 

Lesser Dog 

Cams Minor 

Canis Wiuoris 

CMi. 

Sea-Goat 

Capricotnus 

Capricorni 

Cap, 

Lady in the Chan 

Cassiopeia 

Cassiopeiae 

Cas. 

Keel* (of Argo) 

Carina 

Carinae 

Car. 

Centaur 

Ceiitaurus 

Centauri 

Cen. 

Monarch 

Cepheus 

Ceplici 

Cep, 

Sea-Monster 

Cetus 

Ceti 

Cet., 

Chameleon 

Chamaeleon 

Chamaeleontis 

Cha. 

Compasses* 

Circinus 

Circini 

Cir, 

Dove* 

Coluinba 

Columbao 

Col. 

Berenice's Hair* 

Coma Berenices 

Comae Berenicis 

Com, 

Soutliorn Crown 

Corona Australis 

Coronae Australis 

CrA. 

Northern Crown 

Corona Borealis 

Coronae Borealis 

CrB. 

Crow 

Cor V us 

Corvi 

Crv, 

Cup 

Crater 

CraterLs 

Ctl. 

Cross (Southern)* 

Crux 

Crucis 

Cru, 

Swan 

Cygnus 

Cygni 

Cyg. 

Dolphin 

Dclpliinus 

Uelphini 

Del, 

Sword-Fish* 

Dorado 

DorarlQs 

Dor, 

Dragon 

Di aco 

Draoonis 

Dra, 

Little Horse 

Equuleus 

Equulet 

Enu. 

River Eridanus 

Eridanus 

liridanl 

En, 

Furnace* 

Fornax 

Foniacis 

For. 

Twins 

Gemini 

Geniinorum 

Gem. 

Crane* 

Grus 

Gruis 

Gru, 

Hercuh'; 

Hercules 

Herc.ulis 

Her. 

Clock* 

Horologium 

Horologii 

Hor, 

Sea-Serpent 

Hydra 

Hydras 

Hya, 

Water-Suake* 

Hydfus 

Hydri 

Hyi. 

Indian* 

Indus 

Indi 

Ind. 


Notes. Tte asterisk in tke list indicates tliat the oOnstellation. is a 
modern grouping, since 1600. T^e great constellation of ^go has been 
divided into Caiina, Puppts, Vela and Malus ; the tatter is now usually 
called Pyxis. In these divisions Argo, the Ship, is most generally 
■ known. Sobieski'3 Shield has Only recently heon generally recognized; 
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International Astronoaijcal Union in 1922. 


English 

■Laftn or Greek 

Genitive 

■ Abbreuia- 

Name. 

Name. 

Form. 

Ron. 

Lizard* 

Lacerta 

Lacertae 

Lac. 

Lion 

Leo 

Leonis 

Leo. 

Lesser Lion* 

Leo Minor 

Leonis Minoris 

LMi. 

Hare 

Lepus 

Leporis 

Lep, 

Balance 

Libra 

Librae 

Lib. 

Wolf 

Lupus 

Lupi 

Lup. 

Lynx* 

Lynx 

Lyncis 

Lyu. 

Lyre 

Lyra 

Lyrae 

Lyr. 

Mast* (of Ai'go) 

Malua or Pyxis 

Mali 

Pyx. 

Table Mountain* 

lileiisa 

Mensae 

Men. 

Microscope* 

Microscopium 

Microsropii 

Mic. 

Unicorn* 

Moiioceros 

Monocerotis 

Mon. 

Bee* 

Miisca 

Musciie 

Mus. 

Rule* 

Morma 

Normae 

Nor. 

Octant* 

Octans 

Octantis 

Oct. 

Serpent- Bearer 

Optiiuchus 

Opliiuchi 

Opii. 

Giant-Hunter 

Orion 

Orion is 

Ori. 

Peacock* 

Pavo 

Pavouia 

Pav. 

Winged Horse 

Pegasus 

Pegasi 

Peg. 

Rescuer 

Perseus 

Persei 

Per. 

Phoenix* 

Phoenix 

Phoenicis 

The. 

Painter’s Easel* 

Pictor 

Pictoris 

Pic. 

Fisties 

Pisces 

Piscium 

Psc. 

Sovitliern FisR 

Piscis Australis 

Piscis Australis 

PsA 

Poop* (of Argo) 

Puppis 

Puppis 

Pup. 

Net* 

Reticulum 

Relicuii 

Ret, 

Arrow 

Sagilta 

Sagittae 

Sge 

Archer 

Sagittarius 

Sagittarii 

Sgr, 

Scorpion 

Scorpius 

Scorpii 

Sco. 

Sculptor’s Workshop 

Sculptor 

Sculptoris 

Scl. 

Serpent 

Serpens 

Serpentis 

Set, 

Sextant* 

Sextans 

Sextaiitis 

Sex, 

Bull 

Taurus 

Tauri 

Tau, 

Telescope* 

Telescopium 

Telescopii 

Tel. 

Toucan* 

Tucana 

Toucan is 

Tuo. 

Triangle 

Triangulum 

Triaiiguli 

Tri. 

Triangle (South)* 

Triangulum Aust. 

Triaiiguli Aust. 

TrA. 

Bear 

Ursa Major 

Ursao Majoris 

UMa 

Lesser Bear 

'Ursa Minor 

Ursae Minoris 

UMi. 

Sails* (of Argo) 

Vela 

Veloruni 

Vel. 

Virgin 

Virgo 

Virginis 

Vir. 

Flying Fish* 

Volans 

Volantis 

Vol, 

Fox* 

Vulpecula 

Vuipeculae 

Vpl. 

Sohieslci’s Shield* 

Scutum Sobiesld 

Scut! 

Set. 


Taurus Pouiatowald, Sceplnim Brandcaburgium, Harps Georgii, 
Globus Aothereus (Balloon), Avis Solitaria vel Noctua> Machina 
Eiectrica, Offi(una Tipograpbia, Telescopium Hcrsche‘lii and Honoros 
Frederici, iusignilicaut gi-oiips of faint stars with pondeCpus titles, 
have been discarded by the IiKernatioiml Astronomical Upion. 
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which the individual stars are indistinguishable, fim 
number has been estimated ,it fifty to a hundred thousand millioas 
The stars are giouped by asLionomeis in ceitani constellations 
ot which there aie 88 now in gcneial use; 48 have continued 
from the tunc of Ptolemy, including the Zodiac and the largei 
constellations containing biiglit stats visible from the northern 
hcnnspheie. Most of these date fiom eaily Chaldean times and 
were placed in the sky by the astioiiomer-piicsts of the Euphrates 
valley, lor it appears evident that they wup not Egyptian 
tlmdu 01 Chinese in then origin, because there are neither elephant 
crocodile, tiger hippopotamus, nor cat among the numerous 
animals represented — some of which cieatures would have 
doubtless been introduced had the constellations oiiginated m 
any ot those countries Neveitheless, there were Egyptian 
Gieek and Roman changes at a later date Deities famous in 
Greek and Egyptian mythology were introduced, and names 
have in many cases been Latinized, as, for instance, Hercules, 
Leo, Virgo Those Chaldean constellations originally typified 
the annual succession of ordinary events m the lives of those 
ancient peoples — events which were believed to be presided over 
by their sun-god and moon-god, whose position relative to the 
various groups of stars signified the seedtime, hai vesting, hunting 
period, the rainy season, floodtirae, midwinter, midsummer, and 
the like. The story of the Flood has also been traced in the 
arrangement of some of the constellations, while the Argonautic 
Expedition of the ancient Greeks was undoubtedly thus sym- 
bohzed. In addition to these ancient groups there aie about 
40 constellations, invented since 1600, chiefly by Hevelius and 
Bayer, to fill in gaps between the older constellations and also to 
include the stars sui rounding the south celestial pole, Most 
ot these added constellations are insignificant ; while some 
superfluous objects conceived to honour modern potentates, 
such as the " Sceptre of Brandenburg,” have been discarded 
Star Maps. The hpundaries of the constellations onginally 
followed irregular curves, m some cases vaguely suggesting the 
object represented In 1930 the International Astronomical 
Union adopted a plan in which the boundaries follow the Imes 
of right ascension and declination corresponding to terrestrial 
longitude and latitude ; the resulting angular airangement 
suggests the boundaries of many American states. The student 
should acquire a star-atlas in order to become acquamted with 
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the position of the thou'?ands of objects visible in the celestial 
dome. The stars are presented accoidmg to magnitudes with 
either their proper names, Greek alphabetical designation, 
that of Roman numerals or some famous catalogue nomenclature, 
together wdth other abbreviated information, such as V for 



TYPICAL STAR-MAP. Th^ pcipcndiciilai lines are those of njfht ascension, 
divided Into hours 1 he horizontal lines are those of declination, divided 
into deguts The dotted hues indicate the constellation of Lyra 


variable star, R for red , while Novae or new stars, star-clusters, 
and nebulae are also indicated 

The name of the constellation follows the Greek letter or Roman 
numeral, as d Lyrae, S Virgims, 8i Ursae Majoris or 26 Gemin- 
oimm The genitive case is always used The list in pages 
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106-107 gives (i) Lho liughsh tiaiue oC the constellation; 
(2) its Latin or Greek eqiiivH lent ; (3) the genii ive case in which 

eacli is expressed ; (/|) the abbrevialed form in which each 

constellation is now usually written. 

About 1^)0 ol the bi ighter stars possess names ; these are of 
great antiquity, usually Greek. Latin, or Arabic. Only about 
60 are in general use, the technical nomenclature according to 
the letters of the Greek alphabet being preferred, Piirticularly 
since they give some impression of llie relative brightness of the 
rbrighter stars in a constellation, a usually being brighter than fl 
and so on until is reached, when the Roman numerals are 
resorted to. The stars are then much fainter and approaching 
the limit of naked eye visibility. 

The brighter stars will, therefore, have two titles, as, for 
example, Sirius, which is also a Canis Majoris or, as it would be 
written, a CMa. Castor is also a Geminorum, Pollux is also /3 
Geminorum, otherwise a Gem. ancl |3 Gem. But in this particular 
instance p is brighter than a, possibly owing to a change oi 
relative brilliance in the course of centuries since Bayer, in 1603, 
first instituted this method of designating noteworthy stars. 

LESSON" 27 

How Far Distant Are the Stars? 

(See plate 29 ) 

r"i^HE visible stars are classified according to their apparent 
I brightness in a scries of magnitudes wfaicir have no 
relation to their real, or, as it is called, ahsohite. magnitude, 
Thus a faint star of the fifth magnitude may actually be larger 
and brighter than one of the first magnitude, its apparent faintness 
being due to its much greater distance The apparent magnitudes 
visible to the naked eye range from first down to sixth. The 
latter are the faintest to, be perceived on a clear, dark night, in the 
absence ol any artificial aid. Each magnitude is about 2J times 
brighter than the ne.xt. This light ratio, precisely calculated to 
be 2-512 times that of the magnitude below it, shows that a 
difference of fi.ve magnitudes represents a ratio of brightness of 
about 100 to I. Below the sixth are the telescopic magnitudes ; 
these now extend down to the 20th magnitude for stars observed 
visually and 21st for stars perceptible photographically, 
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Visual magnitudes, as distinct ''•-om photngrapliic magnitudes, 
are Inised on the above light-ratio scale, and the extent to which a 
star's light is below either of the standard magnitudes is indicated 
by decimal — as, for instance, Antares, which is 1.22, or a little 
more than one-fifth, below the standard first magnitude. On 
the othei' hand, there are a few stars brighter than this standard ; 
they arc measured from zero, as. for example, Capclla, which is 
0.21 magnitude or just over four-fifths brighter than the standard 
first, Then, again, there are two stars brighter than even zero ; 
these are Sirius and Canopus, which have a negative magnitud(»n 
rendered thus ; Sirius — 1-58 and Canopus — o-86, the figures 
being preceded by the minus sign. On tins scale, the sun is a 
.star of magnitude —26-7, v/hile the moon’s magnilude is — 11.2. 

Photographic methods of determining magnitudes have 
produred a somewhat different scale ftom the visual. Stars of 
different brightness produce dots of dilforent size on the photo- 
graphic plates, and this is used to determine the magnitude. 
Moreover, by lengthening the exposure, the light of very faint 
stars, invisible to the eye through even the highest powers of the 
telescope, becomes imprinted on the photographic plate as a 
re.siilt of the accumulation of the star’s light. Again, since the 
photographic plate is relatively more sensitive to the blue end ol 
the spectrum, if a blue star and a red star of equal visual magni- 
tude be photographed, the blue will appear much brighter on the 
plate. The dilforenco of the photographic, minus the visual, is 
known as the colour-index. By using a yellow filter with iso- 
chromatic plates, a magnitude scale corresponding very closely 
with the visual has been obtained ; such magnitudes are called 
photo-visual. By means of this method of photography, visual 
magnitudes may be obtained of the millions of fainter stars. 

The table in p. 112 gives the number of stars between each 
standard magnitude ' those below sixth magnitude are according 
to the estimates of Seares and van Rhijn. The brighter magni- 
tudes are subject to different estimates owing to the number of 
stars whose brightness varies, while the number of the tele- 
scopic stars is calculated from Counts over certain areas. 

It is usual to include in a given magnitude all stars with -5 
above or below the standard magnitude, as indicated in the table. 
There are, in addition to this estimated number of visible stars, 
ijnmcnse numbers more, which will be rovealeel as higher powei’S 
of the telescope are effected. Estimates of a 21st magnitude hut 

( III ) 



ASTRONOMY 27 


dimly indicated photographically nearly double the number o£ 
tlie 20th, More .still only reveal their existence collectively as 
a dim luminosity in the remoter parts of the galaxy. It has 
therefore, been lurther roughly estimated by Scares and van 
Rhijn Irom several considerations that the total number of stars 
reaches the colossal figure of about 30,000.000,000. 


Standard 
lit Magnitude 

Number of sta 
accordi 
Photographic 
magnitude 

Lrs calculated 
ng to : 

Visual 

magnitude 

Above 1.5 

20 

20 

From i'5 to 2-5 

38 

41 

2'5 to 3.5 

III 

138 

3-5 to 4.3 

300 

454 

4-5 to 5.5 

950 

1,480 

5.5 to 6.5 

3.150 

4.750 

6.5 to 7.5 

8.200 

14.300 

7.5 to 8.5 

22,800 

4 1 , 000 

8.5 to 9.5 

62,000 

117,000 

9.5 to 10-5 

166.000 

324,000 

10.5 to 1 1.5 

431,000 

870,000 

II. 5 to 12.5 

1,100,000 

2,270,000 

12-5 to 13.5 

2,720,000 

5.700,000 

13.5 to 14.5 

6,500,000 

13,800,000 

14.5 to 15.5 

15,000,000 

32,000,000 

15.5 to 16.5 

33,000,000 

71,000,000 

16.5 to 17.5 

70,000,000 

150,000,000 

17.5 to 18.5 

143,000,000 

296,000,000 

18.5 to 19.5 

275,000,000 

560,000,000 

19.5 to 20.5 

505,000.000 

1,000,000,000 


The tremendous distances of the stars afford the next most 
astounding fact. The re'moteness of even the nearest is arrived at 
by means of their annual 'parallax ; that is, the apparent position 
of the nearest stars changes relatively to that of the more distant 
ones in consequence of the earth's annual change of position in 
its orbit round the sun. The difference in the star’s apparent 
position is very slight, and depends upon the side of the earth's 
orbit from -which we are looking. This represents an annual 
translation of about 186,000,000 miles, say, bet-ween mid-summer 
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and mid-winter, and produces a different perspective in the ap- 
parent relation of one star to another ; the difference is much less 
for the more distant stars, until a point is reached at which any 
apparent change is imperceptible by means at present at our 
disposal. The limit at present is -ooi of a second of arc. Thus 
only a limited number of stars can have their distance measured 
by this method, in spite of the immense length of the base-line 
subtended by the earth's orbit. 

The annual parallax of a star is, therefore, equal to the angle 
which would be subtended at that star by the diameter of the 
earth's orbit ; but there is no star in whose case this parallax 
would amount to as much as a single second of arc. The great 
difficulty of measuring quantities of this nature, and which also 
are much involved, is obvious. The most delicate instruments 
and refined handling are necessary, together with numerous most 
accurately measured observations, the parallax shift having to be 
disentangled from the star’s own proper motion through space. 

Units of Measurement. Stellar distances arc so gigantic that 
we are forced to represent them in terms of some different unit 
from that ordinarily used. Miles become meaningless, for the 
nearest star is about 270,000 times farther away than the earth is 
from the sun, which means that it is about 25,110,000,000,000 
miles away. On the other hand, suppose we take the sun’s 
distance, which is the astronomical unit of 93 million mile.s, and 
represent this by a foot, the sun would then be, in proportion, a 
tiny sphere ^ of an inch in diameter, the earth a scarcely percepti- 
ble speck of dust, while the nearest star on this scale would be 
about fifty miles away. 

To represent the distance of a star in terms of parallax, this 
would have always to be expressed in small fractions of a second, 
which would vary inversely as to the parallax. This incon- 
venient method has been overcome by the institution of the 
parsec. This represents the distance at which the diameter of 
the earth’s orbit would subtend an angle of one second of arc, 
expressed as i". Thus the parallax and one second make the 
standard parsec, which is 206,265 times the sun's distance, or 
astronomical units, and represents about 20,000,000,000,000 
miles. A hiloparsec represents 1000 parsecs and a megaparseo a 
million parsecs. 

An older and more popular unit of measurement is the Ught~ 
•year, which represents the distance light travels in vacuo at 
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186,271 milCT pel s,(ioiid, accoiding to the iccppted standard 
ol Michelson Ijght travels from the sun in a little ovei 8 
minutes 01 499 seconds it tiavels (>4,290 times the sun's dis- 
tance (1 e astioiionucal units) in a ycat , thus we get a most 
convenient staiidaul easily giasped hence its extensive use 
1 lit'ie aie 4 26 ligliL-yc us in a paistc 01 nioie precisely, a light 
ycai IS Q 3069 Qi a parsec Another larcly Uicd unit is the smo 
meter represt nting a million ahtronomu al units 
From the above we see that if a stai weio oUt a distance that 
^caused its appaicnt annual shift 01 parallax to amount to 1", 
01 one paisec this would equal 3 26 hght-yeais , so to find the 
distance of any star fiom its parallax this simple foimula may 


be used d 


3 26 

P 


where d is the distance in light-years 


and p IS, the paiallax m seconds 

The diagrams given in plate 29 show, m exaggerated 
foini for simplicity how the parallax is obtained Observations 
weie originally taken visually, and it was thus that Bessel in 
1838 measured foi the first tunc the distance of a star This 
was 61 Cygni, a small double stai which, from its relatively lapid 
proper motion led him to suspect that it was one of tht^ nearest , 
It proved to be 10 light-years distant Soon alter Bessels dis- 
covery Ilendeison, at the Cape of Good Hope obscivatory, 
found that the blight star Alpha Centaun was (as was thought 
then) at 3 light-years' distance , it is now known to be about 
4J light-yeais 

The photogiaphic method of oblammg pai allaxes was intro- 
duced by Professoi Pritchard of Oxlord in 1886, and, instead of 
laborious observations photographic plates were exposed when 
the earth was at opposite sides of its 01 bit The obseivations 
have to be made at the same hour-airglo to avoid vaiyurg effects 
of refraction and atmospheric dispersion Over a d02cn plates 
are now taken, the compaiison stais having to be measiued too 
for propel motion and in case any of them aie neai enough to 
have an appreciable parallax 

Stais showing a paiallax of only 005 of a second, which repre- 
sents about 650 light-years, can now bo measured with a fair 
degree of accuracy, while less sure measuiements may be taken 
down to 001", which represents about 1,000 light-yeais 
Our Course (U Astronomv is continued In Volume 5. 
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LESSON 23 

Early Stages in Plant Evolution 

I N Letison 12 (Volume 2. page 72) wc noted that the possession 
of chlorophyll was one of the features which distinguish 
plant from animal, but in the microscopic world the dis- 
tinction between plant and animal is not always clear, The^ 
early forms of life seem to have been indefinite in this respect ; 
they wore neither clearly animal nor clearly vegetable, but, if 
we may judge from low forms of life of flic present day, primeval 
organisms .showed some features of both worlds. Thus the mat 
of thin while threads that covers a piece of .stale bread — mould 
as it i.s called — belongs to the plant world, although it has no 
chlorophyll, nor does it feed in a plant-like way. It obtains its 
food by di.ssolving organic matter in the bread and then absorbing 
the resultant nutritious fluid. In spite of tliis octopus-like, 
method of feeding, mould reproduces itself as a true vegetable 
should. A little spore case develops on the top of a thread and 
shoots out hundreds of tiny spores into the air, ready to settle 
on any dead organic matter and grow into another mat of mould. 
We must, therefore, include this fungus in the plant world, just 
as we included the Sphaerella (see i.esson 3, Volume i, page 83) 
and other flagellates, although they show animal-like activity. 

The earlie.st plants grew in the sea and, perhaps, rivers ; they 
were one-celled. They sometimes formed groups or colonies of 
single cell.s, such as the CoUozouni ; again, cell would join on 
to cell and form a long ribbon, such as the common seaweed, 
In this way the seaweeds were able to float near the surface oi 
the water, each cell receiving the maximum of sunlight, by which 
the chloropliyll could utilize the nitrates, etc., dissolved in the 
surrounding water. Thus, lo-day, Laminaria, a species of sea- 
weed which grows in the tidal waters of the Pacific, has long 
leathery ribbons of over one hundred feet. 

First Land Plants. Early in the world's history, owing perhaps 
to the rising of the sea bed, some marine plants found themselves 
in shallow water and began to adapt themselves to life on land. 
No longer able to obtain nourishment from the water, they began 
to seek it from the mud. The big seaweeds had supported their 
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long fiLitncnts l)v i slim, \^huU clung lo the locks by means of 
a " hold fast ” and Ihe now Icind plaiUs diove then stemsmtothe 
mud in oidei to suppQit the stem 

Ihe slem itself had to be made of stout ci stuff and some early 
plants thiew up a shoot from then iindei ground steins to a height 
of twenty iiichts Ihe shoot carried no leaves but Icrnuuated 
in a spore capsule, like that borne by bi ead moulds moss and feuis 
of to clay Ihe spore capsules ot Ilotnm one of the earliest 
land plants, were merely modified blanches, and exemplify the 
beginnings of stinctures specially adapted to cairying the non. 
•"sexual reproductive cells Some of the structural features of 
the plant aie distinctly akin to those ot seaweeds These early 
leafless land plants boie on the stem breathing pores oi stomati, 
by which the plant obtained caibon from the air 

Another species {A <:teroxylon) of primal land plants bore scales 
on the stem, which developed into spiny leaves on the higher 
shoots There can be seen traces of veins running through these 
leac Bs, and this species, although found in the same geological 
sti ita, shows a gieat advance on Hoivea 

The mam thread, however, in the story of plant evolution is 
the Cham of steps by which plants at last managed to fertilize 
their seed without the intervention of water The water plants 
shed their reproductive cells into the surrounding water The 
two different piocesses of repioduction piactised by the one- 
colled water vegetable, Sphaerella, are described m Lesson 4, 
Volume 1, page 87 Iho single cell of Sphaerella usually divides 
and becomes four new individuals This is the non-sexual 
method of generation At times, however, the mother cell 
divides into thirty-two smallei individuals which swim, by means 
of flagella towaids each other, and pans of them fuse to form 
another individual This may be considered as a primitive 
toim of sexual reproduction 

Reproduction by Spores. A simdai repioductive process is 
practised by the plants which were the earliest land dwellers 
They pioduced spoies, just as moulds, mosses and ferns do to-day 
The spore is a tiny piece of living tissue which reproduces without 
fertilization The fern spoie germinates in damp ground , it 
does not pioduce a fern, but a small plate of green tissue, shaped 
ssmething like a immature bicycle saddle, which is called a 
prothalhis This tissue develops, 011 its under side, male and 
female gametes The former are active speims which actually 
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swim, by menus of flagella. Ihrougli the drops oi moisture on the 
underside of the prothallus towards the female gamete. The 
female gamete is a single cell contained in a sac-like structure. 
Fertilization take.s place and a new fern plant is the result. 'J'his 
alternation of generation.? — (a) non-sexual spore-bearing fern, 
(b) gamete-bearing prothallus — needs the intervention of water 
to enable the male sperm to swim towards the female egg. Thus 
the early plants had to live in bogs and on the riverside, just as 
moss and ferns keep to moist places to-day. 

Horse-tails, ferns and club-mosses, types of some of the earliest 
known plants, all produced spores and prothalli. The horse- 
tails, unlike the true moss, had large vascular stems (i.e. .stems 
containing pipe cells for the conveyance of water and food), 
and formed mighty trees in the Coal Age. They produced spores 
all alike, which, however, germinated into a male prothallus if 
they fell on poor soil, but formed a female prothallus if the soil 
were rich. One species of clnb-mo.sses, the Lycopods of today, 
sited ail immense number of spores (the lycopodium powder used 
in fireworks). These spores are all of one kind, but many species 
of fossil T,ycopods bore small male spores (microsporcs) and large 
female megasjiores. The female megaspore developed a prothallus 
within the enclosing .skin, and was then shed. The microspores 
weie also slied, and, if water rvere present, the sperms, attracted 
by the secretion of malic acid in the female prothallus, swam 
towards it and fertilization resulted. This process, it will be 
noted, is a step nearer the production of a true seed, and is not so 
dependent on the presence of water for the formation of the 
female prothallus. An ancient species of giant Lycopod 
{LepHlodendi-on) is described in a later Lesson, These plants 
(ferns, horse-tails, Lycopods), which produce spores and prothalli, 
are grouped as Cryptogams (hidden seeds). 

Another very important group of ancient plants, Pteridosperms 
or seed-ferns, was for a time confused with the cryptogamous 
true fern, because the impressions of its foliage found in the Coal 
Measures were very like those of the true fern. Unlike the true 
ferns, however, the seed-ferns retained the megaspore on the 
leaf and the seed formed inside a seed-coat, which had a small 
opening. The male spores, or, as we should now call them, pollen 
grains, were borne by wind to this opening. Through drops of 
water, which were drawn up through little pipes into this seed 
chamber, the spermatozoa swam to fertilize the seed. In the 

( 117 ) 



biology 23-24 


liigliost type of Gymiiosporms or naked-seoded planls-~the 
Coriiiors — the male prothalliis is reduced to a polleii-tube {see 
Lesson 13, Volume 2, page 75 ). a'ld the sperm, has, accordingly, 
110 need to swim. Plant life has thus, at last, abandoned this 
characteristic feature of the animal world — swimming spermato- 
zoa — and is now adapted for life in dry situations. 

The Angiosperma (sheltered seed plants) have evolved a still 
further stage. Their method of fertilization is desci ibed in 
Lesson 13. The male spore leaf has hecome a stamen, and the 
female spore leaf forms the carpel, which shelters the seed and 
et'abryo. Hence their success. Today there are 100,000 species 
of Angiosperms, nearly 2,500 species of Gymnosperms (pines, 
firs, etc.) and about 3,000 species of Cryptogams (ferns). 

An excellent diagram of the evolution of seed and flower is 
given in " The Science of Life," Wells, Huxley and Wells 
(Book V, p. 479). Dr. Marie Slopes, in " Ancient Plants '* 
(Blackie), describes the various types of plant stems. 


LESSON 24 

Signal Steps in Animal Evolution 

T he stages by which new and more complex structures arose 
and by which existing structures were gradually adapted 
to their environment are more clearly indicated in the 
animal than in the vegetable kingdom. There are no geological 
traces of the earliest forms of life, but it may be assumed that life 
started as some microscopic or ultra-microscopic speck of proto- 
plasm. It must have been an enormous evolutionary step from 
this earliest form to the unit cell possessing a single nucleus 
with chromosomes and genes, but it is a step of which we have no 
record, The next step was that taken by the one-celled animal 
to overcome the limitations imposed by its small body ; this step 
resulted in the formation of a colony of one-celled creatures ; 
the united cilia of a colony of cells would draw a large volume oi 
food to each individual cell. A next step would be a division of 
labour. The outer layer of cells would become protective, the 
toner would be concerned with the assimilation of food ; while, 
as in many existing colonies of single cells, the function of repro- 
duction would be limited to certain cells only of the colony. 
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Thus the gap between Protozoa and Metazoa — oue-celled aiifi 
majiy-cclled animals — would be bridged. 

Division of Labour. A two-layered structure of cells, outer 
and inner, is the usual form in the creatures known as CoehnUra, 
the cells being specialized into stinging cells, dige.stive and muscle 
cells, and nerve cells The next step in complexity of structure 
is the development of a three-layered body. The outside layer 
of cells (or ectoderm) produces the nerve system and outci skin j 
the middle layer (mcstiderm) forms muscle, gonads, blood system, 
and, in mammals, Iddney.s and skeleton ; the in.side layer of, 
cells (endoderm) becomes ttie digestive tube. 

This three-laycrod construction is found in a rudimentary 
form in the woim phyla, and is the common type of structure 
in the higher groups. The tlatworms have no circulatory or 
respiratory system ; their bodies must, tlierefore, be flat and 
thin, so that, a.s in a tree leaf, all the tissues receive oxygon easily 
from the .surface. Tfie gut i.s branched to all parts of the body 
to facilitate the distribution of food, but, instead of the diffuse 
nerve net of the Coolcnteratcs, the flatworms possess a central 
nervous system with head-ganglia. 

In other groups of worms we find the beginnings of a coelom 
(a space developed from the mesoderm, or middle layer of cells, 
to hold the lungs, heart, intestines, etc.). The worm group is 
further distinguished by red blood, an anus or posterior opening 
of the digestive tube, and segmented body — featare.s common to 
the liigher phyla, and which point to the common ancestry of 
worms and higher groups. 

The nerve system is further ailvanced in the arthropods, in 
the higher types of which the nerve ganglia are concentrated 
near the head. 

Insect Development. A land life demanded many innovations 
in structure. For example, the insects aerated their bodies by 
a network of air tubes, or tracheae, and another new structure 
was the insects' wings. The flying vertebrates — the birds, bats, 
flying fish and flying lizards — have all made use of existing limb.s 
and modified them for flight, but the arthropod flyers — the insects 
— have two pahs of new (wing) structures growing from the thorax. 

It is on land, too, that instinct reaches its highest development. 
The social instincts of insects, as displayed in an ant hill or bee 
hive, show evolutionary advance in the direction of regulating 
reproduction beyond any stage reached either by the instinct or 
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1 o.Lson m other phyla 1 hus many ants bi eed soldiei s, nm ses and 
gcireial woilicis which are sexless <urd concentiate entnely on 
then work Insocls were among tho t.uliesl laud dwellers and 
the poweis of oi gani/-ation which they have developed should 
have made them today a dominant form of life they have 
however, bean handicapped by their skeleton, which is outside 
and limits the growth of the body Insects with a two-foot wing 
span existed m the Carboniferous Age, but this is the maximum 
breadth to which they have attained Some insects e g the 
, cockroaches and grasshoppcis moult ’’ their body covering 
and the lining of the stomach several times during growth but 
the more specialized insects, such as butterflies, adjust their 
exo-skeleton m one moult They devote one stage (the larval) 
of their life entirely to eating and gi owing The second stage 
is a restmg stage, during which the larval organs are biokeu 
down by the white blood cells while the cells which form wingg, 
antennae, etc , grow until there suddenly bursts from the inert 
pupa the lovely, graceful, fully developed adult 

Although this method reduces the moulting to one operation 
only, it involves no less than the frequent moultings, a period 
when the skeleton is immature and soft, so that an animal of 
any bulk would not only be defenceless but would collapse 
Hence insects — and arthropods geneially — are limited m bulk 

A very impoitant stop up the evolutionary laddci was taken 
by the reptiles m providing the special membranes in the egg— 
(a) the allantois, oi embryo’s breathing organ, and (b) the ammon 
(a protective water cushion), which enabled the reptiles to hvo 
and reproduce on di-y land 

The Mammals. A further development of the allantois — the 
placenta — is found m mammals It has been dosciibed in Lesson 
22 (Vol 3, p 130) The developed state in which, owing to the 
placenta, the young mammals are born, their warm blood and the 
high development of intellect, make the mammals more 
independent of their envnonment than other vertebrates The 
higher mammals, especially those that took to tree life, had to 
depend foi success on their power of vision and delicacy of touch, 
the correct estimation of distance from branch to branch, and the 
exammation, by feeling and testing, of the strength of dead 
wood, and of the edibility of strange fiuit, demanding highly 
developed visual and tactile organs All this would lead to 
increased manual dexterity and greater biam development. 
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Such creatures would rely on reason rather than, like the insects, 
on " blind " instinct, and would tend to develop the sense of 
sight rather than that of smell, which is the main pilot of ground 
mammals. 

The tactile, visual and association centres of the brajn show a 
continual increase in size if we compare lemurs with monkeys, 
monkeys with apes, and apes with Man, while the centres 
connected with smell show a relative decrease. 

Dominance of Man. Of the mammals, Man, owing to his large 
brain, is already dominant, although, biologically, he is a new- 
comer. His immediate ancestors were perhaps forced to the 
ground owing to the failure of tree growth. The dangers and 
necessities of his new environment would need his dawning 
reason, rather than his old instincts, to combat and relieve them. 
Each new structural feature has given its po.sbe.ssor a wider en- 
vironment and greater experience, and Man, with his complex 
brain and nerve structure, has achieved consciousness of his 
e.xpciience and of his power to extend it. 

The following table gives some of the main steps by wliich 
life has been raised from a lower to a higher level ; 


Body Structure. 

1. No nucleus 

2. Single Coll with nucleus 

3. Colonies of unit cells, c.g 

4. Two layers of cells 

5. Mouth and nerve net 

6. Nerve nng 

7. Three-layered body and excretory 

system 

8. Rudiments of blood system. Anus 

9. Coelom, heart, gills 


Groups. 

Bacteria. 

Protozoa, 

Volvox 

Sponges, 

Coelenterates. 

Jelly-fish. 

Flatworms. 

Roundworms. 

Echinoderras, 

Earthworms. 

Leeches. 

Tumcates. 


10. Head. Beginning of brain, sense 

organs Crustacea. 

11, Development of instinct .. .. /Spiders. Bees. 

,. „ trachea . . . . IWasps. Anls. 

„ „ aminoii and allan- 1 

tois I Reptiles 
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riauuiai.ion o£ hpaii aivd lungs, , 
warm blnod baikboue, care of v Biidb and Mammals 

young Mmiimy ) 

I a [tHclhgoncu 

Use of lianda . . , . . 1 Monkeys and 

Tfeliduce ou ‘iigkt lathei than on j Apes. 

sense of smell ' 

13 Convoluted bi am 'j 

Reason bpeoch 1 Man. 

^ U.je of tools ' 

Degeneration. It must be remem beiod, how'evei, that all 
adaptation has not been in the direction ot progress Neaily all 
plants and animals that have adapted themselves to a parasitic 
Itfe have degenerated in the piocess The ciustacean, Saauhna, 
for example, begins its life as an active larval crixstacean It 
has a chitinoub skeleton, jointed limbs, and eyes and a heart 
like those of young lobsters and crabs After moulting howevei, 
it fastens itself to some adult crab, on which it settles for hie 
It develops root-like organs, which penetiate to all paits of the 
body of its host, loses eyes and Umbs, and degenerates into a 
bag of eggs nourished fiom the blood ol its victim The baiuacle 
.ind sea squirt afford examples of degeneracy due to 
abandoning an active mode of life foi a passive and sessile 
existence 

The following additional reading 13 lecomniended " Origin 
and Evolution of Life,” Osborn (Bell) , ” Animal Biology,” 
Haldane and Huxley (OXJP), "Science of Life," Book II, 
Wells, Huxley, and Wells. 

LESSON 25 

Plant Evolution in Geological Time 

I M studying the evolution ol plant or annual life the readei 
is at once confronted with the difficulty of appreciating 
geological time, and of realizmg the relative magnitudes 
of the vast eias into which the existence of the earth has been 
divided To enable the leadei to follow this Lesson, these eras 
may be thus tabulated, begummg with the most recent : 
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Eras 

Periods 

Life Form.s 



' Recent 




Pleistocene 

Man 

Caiiiozoic 


Pliocene 

" 




Miocene 


Age of Mammals 



Oligocene 





. Eocene 





Cretaceous 


Angiosperrns 

Mesozoic 


J urassic 

Birds (and Mammals) 



Triassic 

Cycad.s and 



Bcnnettitale.s 



r Permian 

Pterido sperms 



Carboniferous 

Reptiles, Insects 

Palaeozoic 

1 

Devonian 

Amphibians 



Silurian 

Cryptogam.s 



Ordovician 

Fishes 



Cambrian 

Invertebrates 

Primeval or 


f Proterozoic 

Few fossil traces of life 

Eozoic 


1 

\ 

Algae 

1 


1 Archaeozoic 

Possibly without life 


Eozoic Age. Very little evidence of plant life has been found 
in rocks of the Eozoic era. This is not surprising, since violent 
volcanic upheavals have torn, contorted, and tilted these early 
sedimentary rocks. Moreover, the plant life of this era, if plant 
life there were, must have been without any woody or cellulose 
structure, so that no certain traces of vegetable life have been 
found in Archaeozoic rocks and only traces of Algae in Proterozoic 
strata. Beds of graphite (carbon) are found in Archaeozoic 
rocks, however, which probably are composed of the remains 
of lowly marhie plants. 

About the beginning of the Palaeozoic, period plants began to 
take to the land. The seaweeds of the time derived their food 
from the surrounding water, as they do today. The early land 
plants must have clung to the seashore and river mouths, so that 
water would be brought to them by every high tide. Moss 
has the same dependence on water and clings to damp nooks and 
crannies at the present day. In such positions plant life 
developed true roots, and began to obtain its water, nitrogen 
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.vntl nimeuU ‘niU.'i fioai the iiwultly wit deposited at the rivei 
mouth At the same tune it would iiavo to depend on the an 
Eoi caibou diovide, mid [tuon leaves must, lx (;unvti, M) that these 
food const itututs Loiild lx. Imposed to snniii'ht To bang these 
ronstituouts togothci and to ioim a suppoit foi the Jeaves, astig 
woody stem would need to be developed All this was a process 
taking place ovci millions ol yeais 
Palaeozoic Eia. Discovciics in the locks neat Rhyme, m 
Abeideenshue, fuinibh iccoid.3 of some of the eaihest known 
plants (Ilornea and Rhynia) Rliynia giew Irom 7 to 20 inches 
m height, and was unlike any plant of today It had no leaves 
it was rootless, and its undergiouiid stems sent up shoots -whioli 
bore no true seeds, but spore capsules only Hoin^a had tubei 
like swellings on its undergiound stems, and the stiucture of the 
spore capsules was ditteient, but otherwise its appearance was 
similar to that of Rhyiiia Both plants grew m bogs , a thud 
plant which grew in the same bog had leaves only on the lower 
part of the stem These slender rush-hke plants were the sole 
lelief to the bale rocky landscape ol the early Devonian period 
of three hundred million years ago Only in the pools and 
the sea weie llieie signs of animal life 

Fossils of lasge tiecs are found in rocks which were laid down 
at the end of the Devonian period and at the beginning of the 
Carboniferous period These ticcs are placed m the five following 
groups (i) true ieins , (2) cordaites — a group which is related 
to the conifers of today (3) the club-moss gioup, which m the 
late Devonian peiiod and Caiboniferous peiiod grew into trees 
of 90 feet in height, although then loprescntatives of today aie 
lowly plants of only one to two feel in height , (4) calamites, or 
horsetails, which, represented today by a single humble species 
[Equisetum), also giew into tiees, their stems, however, like 
those of the club-mosses, were of primitive structuie, and were 
unable to carry large spreading blanches , (3) ptei'idospeims, or 
seed ferns There are^no living membeis of this group today, 
but m the Carboniferous peiiod it was a dominant type of vege- 
tation The leaves of this group were fern-hke, but, unlike the 
true ferns, the pteridospernis bore seeds which were attached to 
the ordinary leaf of the plant , and there were no cones or flowers 
such as axe borne by the higher plants In virtue of the structure 
of the stem and reproductive organs this group forms a connecting 
link between ferns and higher plants 
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The Coal Age. Sonic coal was formed both before and after 
the Carboniferous period, but it was in this peiiod, when the 
lycopods or club-mosses and the horsetails tloiiiished at then 
best, that the bulk of the coal deposits was laid clown. These 
two groiijis, together with the ptcridosperm.s, formed the lusli 
forests of the time. In the Victoria Park, Glasgow, are preserved 
some of the huge fossil stems of the lepidodciidron, a genus of 
lycopods. Their underground structures are unlike the roots oi 
the trees of (oday, the Icaiy stem at the base dividing into four 
main divisions or '' roots.’’ each of which subdivided into two, 
and the.se again into two, and so on. The surface of these big 
root.s was covered with rootlets, which appear to have drawn 
nourishment from the snrroundhig decaying vegetable matter, 
for these rootlets are found to have pierced to the heart of other 
fossilized woody stems. The climate of the Carboniferous period 
must have been a kindly one for vegetation. The comparative 
absence of annular rings in the petrified stems suggests only 
small variations between winter and summer temperature. 

During the many million years which make up the Carbon- 
iferous period, these forest lands slowly sank, were inundated, 
and their vegetation drowned and silted over. In places the 
surface rose again, and a new forest grew over the site of the 
earlier one, and so un, till we have coal seams of many hundreds 
of feet in thickness. 

The Ice Cap. At the end of the Carboniferous period a large 
part of the southern hemisphere became covered with ice, and 
the climate of the northern world became dryer. Fossils of this 
period (Permian) show that in the southern hemisphere a shrub- 
like species of pteridosperm (known as Glossopteris) flourished, 
which seems to have been able to grow in a cold and diy climate. 

Mesozoic Era. The two characteristic groups of fossil plants 
of this era are the Cycads and BenneUitales. The former had a 
thick stem surmounted by a crown of palm-like leaves, and pro- 
duced cone.s sometliing like those whicl^ grow on the pine trees 
of today *, but the Benneitilales had reproductive organs which 
are thought to be half-way between a cone and a flower. It was 
not until the Cretaceous period that flowers, as we know them 
today, were fully evolved, and, as the partnership between 
flowers and insects became more specialized, so the flower-bearing 
plants (angiospernis, bearing seeds in carpels) became the 
dominant species of vegetation (see Lesson 24, page 118). 
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liic method of fiuctiiieation pmeUsed up to, ahd mcluditig, 
the Caibuiiitcioin penod waj th.il of hcpaidtu iapiJi'Q and pio. 
tfullns and active bwiinmiiif; spcimalo/oa Ifemu, hvei woita 
and inos>&cb slid use this aucieiit tuode of tutili/ation but from 
the Cretaceous pciiod, and ouwaid, tlie higher plants (mono- 
cotyledons — one-lobcd seed, e.g glasses and palms, and 
dicotyledons — two-lobed seed, e g tices, peas and beans) have 
converted tlie male spoio leal into a stamen, Iho temple spore leaf 
has become a carpel or ovary, and the sperm floats down to the 
ovum in a thread of senn-liquid protoplasm, which gmws from 
the pollen giam to the heait of the seed-beaung structure 
Plant evolution is fully dealt with ni . “ Plant Life 'through 
the Ages," Sewaid (Cambridge Univeisity Piess) , " Studies in 
Fossil Botany," D. H. Scott. 


LESSON 26 

Fossil Evidence of Animal EvoEdion 

E arly forms oi liie in. t'he 'Eoroic period, animal, 

vegetable oi paitly both (see table of the geological 
epochs in the preceding Lesson), were foi the most part 
soft-bodied, and left little tiace oi their existence m the rocks 
Deposits of lion found m Proterozoic rocks are thPRght to have 
been precipitated by the action of bactena, while, m the later 
rocks of this era, microscopic spicules of many kinds of sponges 
aic found, and worm tunnels show the cxistenC® ot ■worms. 
Geologists find a gap, representing millioiib of yeais m time, 
between the latest Proterozoic locks and the roclrs known 
as Lower Cambiian — the first of the Palaeozol® T-he 

reason for this gap does not here concern us b'at there is a 
reasonable presumption that life was evolving did™g the long 
interval bet '■'een the late Pi oterozoic and early Pidaeoroic eras 
Thus we find in the Lower Cambrian rocks abundaRh evidence of 
life, which has already become diversified into phyla and classes. 
Among the fossils of the period aie trilobites— pipR^l'Ye arthio- 
pods, something like the woodlouse ot today, which later bi anched 
out into many new families, i caching their apex diversity in. 
the Ordovician period and becoming extinct in the Carboiuferous. 
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this appliance is at the National Physical Laboratory, reddinj:ton The model 
IS suspended at one end of the imi, the speed of which can be regulated 
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FOSSIL EVIDENCE OF EVOLUTION.' 

t 

The phylum Echinoderma it. reprcHuiitcd by lobbil sea lilifs 
(crinoids), which fasten themselves by a stalk to the, sea flour, 
fee,dmg themselves by means of cilia ; they constitute the only 
class of echinoderms that feeds in this way today. In the Middle 
C'dmbrian rocks there are traces of sea cucumbers ; and the 
higher forms of this phylum — btarfi.sh, brittle stars and sea 
urchins — ^appear in the Ordovician rocks. The soft-bodied worms 
are also present as burrowing worms, bristle and arrow worms. 
In addition, there were lamp shells (Brachiopoda) — a spccie.s in 
which little revolutionary change can be detected in about 
300 million years — some lower members of Motlusc-a, but no fi.sh 
or land animals. 

The First Vertebrates In the Ordovician rocks llsh — ^the 
fir.st vertobrate.s — appear, and by the end ol the Ucvonimi 
period some vertebrates had begun to crawl out ol the water, 
or were forced by di'ought to live an amphibiou.s lilc. Their 
eggs are so small and unprotected from influences which would 
dry them up that they have to be laid and hatched in water ; 
also, the adult amphibian itself must live near moisture. 

These early amphibians (such as Branohiosaumi, Lower 
Permian period) posso,5scd legs which wore fully developed for 
land hte. Very much larger than Branchiosaunis were the 
Labyrinthodoiits — bulky creatures with enormous heads and 
stumpy tails, but with .short, weak legs which could not have 
lifted their bodies from the ground ; they could, tlierefore, have 
only shuffled over the mud. There is no geological record of 
animals having limbs which are in the transition stage between 
fins and legs, but a fish called the mudhopper manages to scramble 
■'out of the water today by using fins, and the first land crawlers 
may have travelled in a similar fashion. The moist skin, the 
carnivorous diet, the large numberof small eggs laid by amphibians, 
and the development of the amphibian skeleton clearly point to a 
fishy ancestry, especially as, until the amphibians appeared, the 
bony fish 'were the only vertebrates in the world. 

In the Silurian or Eaity Devonian period the arthropods left 
the water and learned to fly. In the Carboniferous rocks insects 
of an advanced typo are iound. There was one .species, unlike 
any insect of today, from which the present-day locust is 
descended ; another probably was the ancestral cockroach ; and 
a third {Meganeura) was a Palaeozoic dragon-fly with wings of 
two feet from tip to tip. Thus the early amphibians could find 
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(ijod oil land, and, though, pnrhaps, they still lived largely in the 
water, iliey would often crawl out on a dead branch the better 
1 o snap at a passing insect, just as the mudliopper fish and the 
amphibious frog do today. 

Appearance ot Reptiles. The earliest fossils of reptiles are 
Irom Upper Carboniferous rocks in New Mexico. Just as the 
seed-bearing plant is more iiidcpondenl of water than the spore- 
bearing, so the reptile was superior to the amphibian, The 
reptile laid a large hard-shelled egg, which contained two pro- 
tective membranes — the allantois and the amnion. The hard 
shell of the egg made it necessary that the egg should be fertilized 
before deposition, and thus the reptiles introduced courtship 
and mating to the land world. Further, the young were better 
protected, which meant that fewer need be produced, so that 
the parents could guard their offspring as present-day adders 
and crocodiles do. Thus maternal care became a factor in 
evolution. During the dry period which succeeded the Car- 
boniferous age many species of amphibians became extinct, 
and the reptiles, with their tough dry skin, with their legs available 
for land use, and their ability to dispense with the water tadpole 
phase of life, became the dominant land dwellers. 

In the Permian period reptiles had already branched into 
seveial species, and later, in the Mesozoic roclcs, fo.ssils are found 
of carnivorous aquatic, terrestial and aerial reptiles. 

The ichthyosaur, an aquatic reptile of tlie Jurassic period, had 
paddles, the bones of which, although compressed for paddling, 
were the bones of a land animal. Other reptiles [Rhynchoce-phalia] 
had their front teeth curved and projecting, giving the appearance 
of a beak This feature is still seen in the New Zealand lizard, 
Sphmoion, which has an opening in the sknll due to the vestige 
of a middle eye, with lens and retina, under the skin on the top 
of the head. 

Evolution of Bulk. The dinosaurs of Triassic rocks were land 
reptiles, which persisted throughout the too, 000,000 years oS 
the Mesozoic era. They branched into many orders. Some of 
the earliest species ran on their hind legs only, with tail out- 
stretched as counterbalance ; others leapt in kangaroo fashion. 
The Saunschia of Jurassic and Cretaceous rocks developed such 
huge bulk that they were forced to revert to four-footed pro- 
gression. The fossils of Gigantosaurus found in Africa are those 
of an animal weighing from thirty to forty tons. Diplodocus, 
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PAINTING BY A PIONEER OF REALISM, Honore Daumier (1808-79), a 
French master of the 19th century, was little appreciated In his life-time. 
Like tlie Spanish artist Goya, Daumier excelled in scalhini; satires and in 
portraying scenes from the common life of the people. Intensely dramatic, 
lie also possessed imagination, a> his picture, reproduced above, of “ Don 
Giii.\:ote and Sanclio Phnza " reveals, with its tiltino; knight and eerie shadows. 
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POST-IMPRESSIONISM, Top, “ Road at Anvers” of Paul CSaaiine (1839-1908) 
a work of austere beauty by a painter who has had the strongest influences oti 
modern art. Below, " Te Rerioa,” a study of life in Tahiti, by Paul Gau^fuin 
(1818-1903), whose work is characterised by magnificent colour and desitrn, 
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A NEO-IMPRE8SiONSST LANDSCAPE. Vincent Vun Gogh (l853-iJi90) 
cissociivtcd himself with Cezjinne and Gauguin. As a Post-Impressionist 
his cuhcern was chiefiy with pattern, as exemplified in this “ Landscape 
with Cypress Trees.’* Art amd AuciniRCTURn 2i 
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FOSSIL EVIDENCE OF EVOLUTION. 

aiiotlier huge hcrljivorous reptile, had a tail forty feet in length, 
^vith which it defended itself against such enemies as 
Tyi'amwsaunis, an immense carnivorous reptile of the period, 
Sie^osaunts (Jurassic) grew large bony plate.s on its bach as a 
protection : Tricemtops (Cretaceous) had large horns and a 
shield-like bony rim upon its head, while Protoceratops, found in 
Cretaceous rock in Mongolia, had a bony frill which protected 
the neck. I'he largest of the dinosaurs could hardly have sup- 
jiorted their immense carcasses on dry land. They probably 
lived in marshes, lakes and rivers, so that the water relieved 
their legs of some of their crushixig weight. Huge as they were, 
their brains were rudimentary. The brain of the Stegosaurus 
has been calculaterl at 2| oz., and that of the most gigantic reptiles 
did not exceed 2 lb. Bulk for bulk, this would give the reptiles 
one-thousandth of the brain weight of the normal man. 

Evolution of Flight. Following the insi.’cts (arthropods), 
a brancti of the reptiles (vertebrates) took to the air during 
the middle Mesozoic era. They developed from the side of the 
body a membranous fold of skin which was stretched along the 
fore limbs and extended by a greatly lengthened fifth digit. 
The otlu'r digits wcie of normal length, and provided with hooked 
claws for climbing, bat-like, up to a height from which to “ take 
off." Pterodadyhis (Upper Juras.sic) had a short tail, but another 
species had a long, bare tail with a balancing plate, at the eiid. 
These early types became extinct, and their place was talcen by 
Archaeopteryx (Upper Jurassic), the earliest representative of 
birds. Instead of the membranes of its predecessors. Archaeop- 
teryx possessed true feathers, evolved out of scales along the 
hinder side of the fore limbs and on either side of the lizard-like 
tail. This primitive bird still kept its reptilian teeth, but the 
first digit of the foot had become opposable, and it could perch 
on a bough, A fossil of this " bird '' is preserved in Berlin 
(see plate 54). 

True flying birds are rare as fossils, bu'f a study of their anatomy 
shows how the forearm has been strengthened, the fingers welded, 
and the long tail shortened to a rump, while the reptilian jaw 
has become a toothless beak — a modification which has also taken 
place in two modern reptiles, the tortoise and turtle. 

Owing to climatic changes, the age of reptiles came to an end 
at the close of the Mesozoic era, and the many orders of reptiles 
of the Triassic period have today dwindled to four. 
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LESSON 27 

Evolution of tlie Horse 

R KTKTSiwcTt is iTiado In l.hts Lcsson chiefly to the age of 
mammals, the Cainoxoic or Tertiary era [see Lesson 25, 
page 122), which siretche.s bade unknown millions of 
years from our own 20th cenliiry. This era is generally divided 
by geologists into the Roceiie, Oligocenc, Miocene, Pliocene and 
Pleistocene, but it is as yet impossible to say how long each period 
endured. 

The enormous lapse of time since mammals became the 
dominant life-form in the Eocene period may be appreciated if it 
is realized that at the beginning of the Cainoz.oic period great 
mountain systems such as the Pyrenees, Alps and Himalayas 
were unformed, and that their sites were still level surfaces. It 
was not till the Miocene period that the Himalayas began to rise. 
The region of Colorado has slowly risen ri.ooo feet since the 
beginning of the OUgoccnc period, and since then the Colorado 
river has carved out a gorge, the Grand Cation, 6,500 teot deep. 

The early mammals were small insectivorous or omnivorous 
ariimals with small, unspecialized teeth The teeth and jaws of 
.small mammals found in late Mesozoic rocks show marked 
rescmblancc.s to those of the Australian diickmole — which, 
although'a mammal, still retains the reptilian habit of egg laying 
— and to those of the Australian marsupials, a slightly less 
primitive mammal These fo.ssils arc of rare occurrence, which 
points to the fact that they were insignificant newcomers in a 
land dominated by the reptiles from which they had evolved. 
These small, slow-moving mammals had short clawed feet, which 
later, as different species radiated from the original stock, became 
feet specialized for digging, swimming, nmning, or for tree life. 

In one group of these mammals the last phalanx of each digit 
was almost completely covered with horn, and from this group 
are descended the three orders of living ungulates, or hoofed 
animals, represented by the horse, the sheep, and the elephant. 
Some early ungulates, the Amblypoda, attained great size in the 
Eocene period, but their skull shows a very small brain, and this 
species became extinct at the close of the Eocene. 
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Ancestl’.V of the Horse. Modern ungulates are divided into 
two classes — even-toed (slieep) or odd-toed (horse). Uuring the 
Lower Eocene there existed, both in Europe and America, a 
number of primitive odd-toed ungulates (Perissodaciyla), .some 
species of which were the ancestors of the modern horse. The 
next stage in evolution was represented b)^ the Eofnppus and the 
Hyracotherium. These were little fox-lilcc animals (shoulder 
height II in.), with four little hoofs, digits 11, HI, IV and V on 
the hand or fore foot {see diagram), and three hoofs on the hind 
foot ; but some fossils show, in addition, two splint bones on the 
hind foot as vestiges 
of digits 1 and V. On 
both feet, digit III was 
the largest and 
strongest, and digits II 
and IV slightly smaller 
and equal, but capable 
of spreading outwards 
and supportingtheamall 
body on soft ground. 

The next stage Is 
reached by Mesohippus 
(Lower Oligocene). This 
animal was nearly as 
big as a sheep (4J hands 
or iS inches at the 
withers), Digdt V is 
reduced to a splint bone on the fore foot, so that both f^et are now 
tridactyl with digit III much the best developed. Tins type of 
" horse,” like its ancestors, lived in woodland and marshy 
districts. Its teeth were short, and were not yet elaborated for 
grinding, as they are in the modern horse. Mesohippus must 
have browsed on leaves of bushes and the soft vegetation of the 
river bank or marsh. This three-toed animal persisted throughout 
the Miocene period, and fossils of Hypohippus, a Culminating 
branch of this type, found in the Lower Pliocene rocks in 
America, still show a spreading three-toed hoof, and teeth un- 
suitable for eating the tough grass of the open country, 
Hypohippus appears to have clung to damp foregt regions, 
but unsuccessfully, as no further fossils ai-e found, and it inu.st 
be regarded as a divergent branch of the horse stock. 
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ancestor with vestige of liigit 1 (a) (iifwer Eocene) ■ 

2. Orobipjius : no ve.itige ol digit I (Middle Eocene ) ' 

3 . Mesohippus : digit V (h) reduced to a splint bone 

(Lower Oliffocene) : 4. Plioliinpus ; 11 and lY 

(side toes) off the ground (upper Miocene, Early 
P)iofen«),‘ 5 fif(uusi digUs }) and iV reduced to 

splints (c) (Upper Pliocene to present day) 
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The main line of home ancestry is represented in the Tipper 
Miocene and Early Pliocene periods by Pliohtppus, of which 
sixteen species are known Some of these species still show two 
small side toes with perfectly formed hoofs, which do not, how, 
ever, touch the ground, while in later species these two toes have 
become mere side splints, as in the modern horse ; the species of 
Pliohippus are equipped, as regards teeth and feet, for life on 
drier ground or open steppe, and away from the dangerous wood- 
land, which, by tliis time, was infested by lai'ge carnivores. 

By the Upper Pliocene period true horses had evolved. 
Plesippus, a genus of the Late Pliocene period, shows the 
maximum modification of mammalian structure for speed. 
Every superfluous bone has gone, and those which remain are 
correspondingly strengthened Thus the two bones of the 
mammalian forearm, which were present in the earlier fossils of 
this series, have become welded into one bone. The animal has 
lost the radial action which tlie human lorearm possesses, but 
the limb and muscles are specialued tor rapid fore-and-aft 
movement. Only the last joint of the middle toe. encased in a 
horny development of the loe nail, touches the ground The 
palm has been welded into one bone — the cannon-bone — and the 
wrist is far above the ground and forms the “ knee ” of the 
modern horse. 

SlgnlSoanoe o! Teeth Development. Corresponding gra- 
dations of skull and teeth are shown by fossils preserved iri the 
Natural History Museum, New York. The molar and pre-molar 
teeth (pre-molar teeth are the molars which are preceded by 
milk teeth! of a modem horse are very large and, unlike our own, 
continue to grow for the first eight years after ” cutting.” Their 
Surface consists of ridges of hard enamel, between which are 
cavities filled with a cement which is not quite so hard. As the 
horse chews hay and tough grass, the cement wears away at a 
.slightly faster rate than the enamel and dentine. Thus the 
surface is always corrugated, and forms an excellent grinding face. 

The teeth of Eohippns and its successors show gradual but 
continual advance from a low-crowned, smooth-topped ty^pe with 
no cement filling to the very efficient grinders of today. Eirst, 
the molars become adapted for chewing, then the pre-molgrs of 
the adult follow the same pattern, although the milk teeth are 
smooth. Finally, hi Pliohippus and from Pliohippus onwards the 
baby pre-molars are also elaborated. 
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A parallel story could be told of the evohition of other animals 
■ — camels and deer, for example — but the horse lias been chosen 
because its fossil record, especially in North America, is remark- 
ably complete. The story of the evolution of the horse fully 
corroborates that of the plant life of the Cainozoic era. From 
the beginning of the Miocene tliere was a decrease in the rainfall 
and a consequent shrinkage of wooded areas. Throughout the 
Pliocene these drier conditions were accompanied by a gradual 
lowei'ing of the temperature and the formation of steppe and 
tundra areas, with tougher and drier food for the ungulates. 
Hence the need for large grinding teeth. In the open steppe-like 
country that was increasingly prevalent, the attack of carnivores 
could only be avoided by iron muscles and slim, strong limbs 
siJccialized for speed with feet adapted for hard ground. 

In Lydekker's “ The Horse and its Relatives " (Allen & Co.), 
a full description is given of existing species of the horse — kiang, 
onager, quagga, etc., and the probable cause of the extinction 
of early South American horses is discrissed. Swinnerton’s 
" Outlines of Palaeontology” (E. Arnold) gives an. account of 
the development of the even-toed branch of the Ungulates. 

LESSON 28 

From Brute to Man: 

The Story of Human Evolution 

(See Colour Frontisoleces) 

F ossils of early Man and of the anthropoid apes are rare, 
and it is impossible, up to the present, to give as detailed 
an account of the evolution of Man as that of the evolution 
of the horse. Fresh discoveries are continually being made, 
however, and already we can trace many of the changes involved 
in the development of the physical characters of Mankind. The 
chief factor which caused early Man lo diverge from the ape 
stock was growth of brain, which appears to have been facilitated 
by Man’s longer period of gestation (280 days in Man, as compared 
with 220 days or less, for apes). This longer period of gestation 
meant a delay in the hardening of the skull, and, therefore, a 
greater period during which the brain could grow ; moreover, 
the sutures between the bones of the human skull do not com- 
pletely close tiU tlie thirtieth year, while in apes and other 
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mammals these "aps arc dosed, and the size of the skull fixed a 
year or two after birth. Anotlier significant feature for bfain 
growth which is taken into acconiit in the classification, of fossil 
skulls is the bony ridge over the eye. These supraorbital ridges 
are very prominent features in the gorilla’s skull and in the 
skulls of some early types of men They are prominent in the 
Neanderthal and Rhodesian skulls, for example, and constitute 
a bony base for the attachment of the musdes which work the 
heavy lower jaw. When these ridges are prominent, the lower 
jaw is usually very massive. As Man evolves, he uses his hands 
more, and his teeth less, for tearing his food and for fighting. 
His lower jaw becomes smaller, the brow ridges disappear, and 
his forehead extends forward and makes room for a larger brain. 

Apes and Men. Man is a member of a group of dimbing 
mammals. His front limbs firmly fixed at the base by a collar 
bone, his grasping hands, flat nails, and certain features of his 
brain place him in the same group as monkeys and apes. The 
most primitive representatives of this group today are the 
lemurs, fossils of which are known from the Eocene period 
onward. Lemurs live today chiefly in Madagascar, which, like 
Australia, has been isolated from the rest of the world, so that 
higher forms have not reached it. 

An allied animal — the tarsier — living in the Philippines, has 
a flat face, large forward-looldng eyes, and the power of holding 
itself erect and leaping on its hind legs. From some such lowly 
form as this evolved the .separate branches of the Primates — 
monkeys, apes and men. 

Fossil bones of the earliest ape-man known were found in 
Java in iSg2. They consist of (i) the vault of the skull ; (2) a 
left thigh bone : (3) three teeth. The thigh indicates that this 
strange creature walked nearly erect and was about 5 feet 61 in. 
in height, and the skull is estimated to have a brain capacity of 
goo cubic centimetres, ^ In human races, the average brain 
capacity is 1,400 cu. cms., and ranges from 930 to 2,000 Cu. cms. 
fn all known cases where the brain capacity has been less than 
900 cu. cms., it has belonged to an idiot. In gorillas, the brain 
capacity rises to a maximnm of 610 cu. cms., so that the Java 
primate {Pithecanthropus), though less than human, was more 
than ape, and had reached a stage of transition which was almost 
human in gait and stature and almost human, but not quite, in 
brain. In “ The Antiquity of Man," Sir A. Keith assigns 
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flowers resembling those of the last order in struct nre, Kushoa 
{[tivcus) and wood-rushes (Luzula) arc included in thig family, 
(c) The snowdrop family (Amaryllidaccae) : as Liliefc^aR, but 
with ail inferior ovary. Snowdi'op (Galaiithus ninalis) and 
daffodil (Narcissits) are examples, (d) The iris family [Jyida- 
cp.ae) : as last family, but only tliree stamens Trig, crocus, 
gla.diolus, and salfron [Colchicmn] are good examples. 

Order 6. Scitaminales. Tropical plants with large leaves 
ii,nd irregular flowers, of which the inferior ovary is generally 
rlividcd into three compartments. The following belong to this 
group ; banana (Musa sapienlum), plantain (M. pa>adtsiaca), 
ginger (Zingiher), Indian shot (Canna) and arrowioot (Mavanta). 

Order 7. Orehldales. Flowers irregular and of r<5niarkabIo 
form. The stamens are reduced in number and unitecl with the 
pistil. The orchid family (Orc/iirZacfioe) : this is the second largest 
family of seed-plants, only being excelled in size by the Compo- 
sitae, and including over 8,ooo species. There is usually but one 
stamen. We have a few British orchids, but the headquarters 
of the family are in. the tropics. 

For practical work in relation to this and the previous Lesson 
the student would do weft to obtain a simple ffora with a key to 
the identification of wild flowers, and then collect as n-jany wild 
flowers as possible ; with the aid of the key and a lianrl lens 
he can then track down the flmver to its .specific name. The 
features on which clas.sification is based will thus ho better 
understood and appreciated than by reading through the text 
on classification with no study of flower structure. 

LESSON 25 

Plants that Prefer a Water Habitat 

(See plate 32) 

I N Nature, plants generally grow together in communities, 
the individual members mutually affecting one another 
and accommodating themselves to all the circumstances 
of their environment. The different conditions affordijd by the 
environment are spoken of as factors, which are both physical 
(those due to soil and climate) and biological (those produced 
by other plants and animals). The situation in which a plant 
grows is termed its habitat. We have already seen that there is a 
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certain reiation between the plant and its surronndingP. Thus 
plants growing in the shade spread their leaves in the best position 
to receive light, climbers depend upon the presence of some suit- 
able support, and animals are ofien neccssai'y for pollination or 
seed dispersal. 

The conditions of the soil have a very marked effect on deter- 
mining the character of the vegetation present. Among the 
most important soil factors are the texture and the amount of 
humus (organic matter from decayed plant and animal remains). 
On these depend other important factors : the water content 
and the air content, as well as the chemical nature of the soil, 
especially whether its reaction be acid or alkaline. 

Rainfall i.s the most important climatic factor. V.ariation 
in temperature in different regions' of the earth or at different 
altitudes also has a pronounced effect. Other climatic factors 
which influence the vegetation are intensity of light and degree 
of expo.sure to the wind. 

'rhe effects of the biological factors are many and varied. 
Plants compete with one another to obtain food and light I twiners 
get support from their erect companions, while parasites, insecti- 
vorous plants and herbivorous animals are further obvious 
examples of the ways in which a plant is influenced by its relations 
with other plants and animals. Many plants posse.ss means of 
defence against herbivorous eUiimals These may take the form 
of spines, as in holly (whose lower leaves usually have spiny 
margins, while those near the top of a tall bush are without 
spines), or oi distasteful substances, such as poisons in fox- 
glove and deadly nightshade, or of needle-like crystals in the cells, 
or of stinging hairs. 

Characteristics of Water Plants. In a consideration of en- 
vironmental influences, water occupies an all-important position, 
and we now turn to some of the characteristics shown by plants 
which grow submerged or partially submerged in water, Such 
plants are collectively spoken of as hydrophjrtes, and examples 
are furnished by the water lilies, water buttercup, pondweeds, 
arrowhead, duckweed, water soldier, frogbit and bladderwoid. 
We shall not here consider the Algae (green pond-scums, brown 
and red seaweeds), which live almost entirely in water, but confine 
our attention to the higher flowering plants. 

In the Case of streams, the rate of flow markedly affects the 
character of the flora. Where the current is rapid all the forms 
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are fixed by their roots in the bed of the stream, but in quiet 
water free-floating (i.e not fixed) aquatics will be present. Again, 
mriny species that grow above the water level in quiet water 
remain completely submerged in a rapid current. 

The submerged parts of all water plants are .surrounded by a 
medium very dilferent from that which surrounds the over- 
ground organs of ordinary land plants, and in this connexion 
tliere are many modifications of their structure. First, water 
is far den-ser than air, and, consequently, can give support to 
the plants inhabiting it. Water plants, therefore, never possess 
an exten.sively developed vascular system. The chief strain to 
which their stems or leaf stallrs are subjected is a longitudinal 
pull due to currents in the water, and thus the small amount 
of mechanical tissue which the aquatic possesses is arranged as 
a central core, as in the root of a land plant 

Water plants do not depend on their roots for the absorption 
of water and mineral salts. The roots serve chiefly lor attach- 
ment, and absorption is carried on over the whole of the sub- 
merged surface. This, then, is a second reason for the lack of 
development of woody tissue, since conduction from the roots 
by way of the wood vessels is not necessarj'. 

The oxygen essential for respiration is present in very small 
amounts in water, but carbon dioxide, which dissolves readily 
in water, is present in abundance There are no pores on the 
submerged parts of the plants, so that all gaseous exchange must 
take place by diffusion through the cuticle (the outer wall of the 
epidermal cells). The difficulties concerning gaseou-s exchange 
are compensated by very thin foliage leaves, or extreme division 
of their blades, which thus creates a large absorptive surface. 
Owing to the relatively great amount of carbon dioxide, photo- 
synthesis takes place readily, and the oxygen which is set free 
in this process is stored up within the plant for use in respiration. 
This reserve of oxygen is held in the numerous large air Spaces 
which traverse all parts of the aquatic plant. These air-chambera 
are also useful in rendering the plant buoyant, thus helping to 
maintain it in an erect position. A similar system of air pa.Ssages 
is present in the underground organs of marsh and swamp plants, 
which have the same difficulty of obtaining sufficient oxygon. 

Submerged aquatics are obviously exposed to very reduced 
Illumination, owing to much light being reflected from the 
surface of the water, and the remainder being rapidly absorbed 
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certain relation between the plant and its surroundings. Thus 
plants growing in the shade spread their leaves in the best position 
to receive light, climbers depend upon the presence oi some suit- 
able support, and animals are often necessary for pollination or 
seed dispersal. 

The conditions of the soil have a very marked effect on deter- 
mining the character of the vegetation present. Among the 
moat important soil factors are the texture and the amount of 
humus (organic matter from decayed plant and animal remains). 
On these depend other important factors : the water content 
and the air content, as well as the chemical nature of the soil, 
especially whether its reaction be acid or alkaline. 

Rainfall is the most important climatic factor. Variation 
in temperature in rliffereiit regions’ of the earth or at different 
altitudes also ha.s a pronounced effect. Other climatic factors 
which influence the vegetation are intensity of light and degree 
of exposure to the wind. 

The elfeots of the biological tactors are many and varied. 
Plants compete with one another to obtain food and light ; twiners 
get support trom their erect companions, while parasites, insecti- 
vorous plants and herbivorous animals are further obvious 
examples of the ways in which a plant is influenced by its relations 
with other plants and animals. Many plants possess means of 
defence against herbivorous animals. These may take the form 
of spines, as in holly (whose lower leaves usually have spiny 
margins, while those near the top of a tall bush are without 
spines), or of distasteful substances, such as poisons in fox- 
glove and deadly nightshade, or of needle-like crystals in the cells, 
or of stinging hairs. 

Characteristics of Water Plants. In a consideration of en- 
vironmental influences, water occupies an aU-important position, 
and we now turn to some of the characteristics shown by plants 
which grow submerged or partially submerged in water. Such 
plants are collectively spoken of as hydrophytes, and examples 
are furnished by the water lilies, water buttercup, pondweeds, 
arrowhead, duclrweed, water soldier, trogbit and bladderwort. 
We shall not here consider the Algae (green pond-scums, brown 
and red seaweeds), which live almost entirely in water, but confine 
oui attention to the higher flowering plants- 
lu the case of streams, the rate of flow markedly affects the 
character of the flora. Where the current is rapid all the forms 
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are fixefl by their roots in the bed of the stream, but in quiet 
water lfee-ao:itmg (le not fixed) aquatics vviJi bepresejit, A^ain, 
many species that grow abo%'e the water level in quiet water 
remain completely submergeri in a rapid current. 

The submerged parts of all water plants are .surrounded by a 
medium very different from that which surrounds the over- 
ground organ.s of ordinary land plants, and in this connexion 
there are many modifications of their structure. First, water 
is far denser than air, and, consequently, can give support to 
the plants inhabiting it. Water plants, therefore, never possess 
an extensively developed viiscular system, The chief strain to 
which their stems or leaf stallcs are subjected is a longitudinal 
pull due to Currents in tlie water, and thus the small amount 
of mechanical tissue which the aquatic possesses is arranged as 
a central core, as in the root of a land plant. 

Water plants do not depend on their roots for the absorption 
of water and mineral salts. The roots serve cliiefly for attach- 
ment, and absorption is cairied on over the whole of the sub- 
merged Surface. This, then, is a second reason for the laclr of 
development of woody tissue, since conduction from the roots 
by way of the wood vessels is not necessary. 

The oxygen essential for respiration is present in very small 
amounts in water, but carbon dioxide, which dissolves readily 
in water, is present in abundance. There are no pores on the 
submerged parts of the plants, so that all gaseous exchange must 
take place by difiusion through the cuticle (the outer wall of the 
epidermal cells). The difficulties concerning gaseous exchange 
are compensated by very thin foliage leaves, or extreme division 
of their blades, rvhich thus creates a large absorptive surface. 
Owing to the relatively great amount of carbon dioxide, photo- 
synthesis takes place readily, and the oxygen which is set free 
in this process is stored up Within the plant for use in respiration. 
This reserve of oxygen is held in the numerous large air .spaces 
which traverse all parts of the aquatic plaift. These air-chambers 
are also useful in rendering the plant buoyant, thus helping to 
maintain it in an erect position. A similar system of air pa.ssages 
is present in the underground organs of marsh and swamp plants, 
which have the same difficulty of obtaining sufficient oxygen. 

Submerged aquatics are obviously exposed to very reduced 
illumination, owing to much light being reflected from the 
surface of the water, and the remainder being rapidly absorbed 
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as it penetrates to deeper Jevels. Most water plants, therefore, 
bring thou leaves (the assimilatory organ:?) as near to the smface 
as possible. It i& the light factor which determines the depth 
at which submerged plants can grow 


We have already mentioned that the submeiged foliage may 
consist of finely divided leaves ; this is well seen in the water 
buttercup. Such deep division has also a mechanical advantage, 
in that the water flows readily between the segments without 
tearing them. The fennel-leaved pondweed has long linear, 
undivided leaves which readily trail out with the current. 
Submerged leaves which have a broad surface are always very 
thin and flexible. 

The water buttercup illustrates well the genera! rule that 
when floating leaves are produced, they are quite different in 

form from the sub- 
h'lower — t merged leaves The 

yellow water lily ig 
the most familiar ex- 
ception to this ; the 
leaves are similar in 
form, but the sub- 
merged ones are very 
much thinner. Float- 
ing leaves mostly agiee 


Fratb 


Sui/n^jed 



floating 

/eaves 


WATER BUTTERCUP. Diagram showing the con* 
irasting forms of floating and submerged leaves of in having an entire 
Ranunculus aquatilis j j i 

^ edge, and the petiole 

attached more or less centrally, so that the pull of the leaf 
stalk keeps the blade flat on the water. Unlike submerged 
leaves, they bear stomata. The latter are, however, confined 
to the upper surface, which usually has a covering of wax 
(leaving the pores free) ; this covering prevents wetting and 
blocking of the pores. Connexion is thus maintained between 
the air spaces of the submerged organs and the outside 
atmosphere The floating leaves also form a supporting plat- 
form round the base of the flower stalks, which, in the majority 
of aquatics, bear the flowers above the water level. 

The roots of water plants serve mainly for attachment Some 
have no roots at all (e.g. bladderw'ort) , while in free-floating 
forms, such as the duckweed, the roots dangle into the water 
and not only absorb, but also act like a weighted keel to keep the 
ribint nroperly balanced. 
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The nlnmdant supply of water, and often of mineral salts as 
well, t'liablcs water plants to grow rapidly and prolifically. In 
view of this, vegetative reproduction is generally a marked 
feature. A .simple method, common in the Canadian pondweed 
(u'hich was at one time a serious pest in canals on account of 
it.s rajiid gi'owth), is the mere detachment of branches, which 
grow into new plants. Many form.s produce winter buds, which, 
when tlu' parent plant dic.s, sink to the bottom of the water and 
give rise to new plants in the following spring. 

Tlic flowers are, in the majority of cases, borne above the water 
level, which indicates that water pl.'iiit.s are derived from land 
plants. They may be pollinated by insects (e.g. water buttercup) 
or by wind (e.g wafer milfoil). Usually the liowcr stalks bend 
after flowering is over and carry the ripening fruits under water, 
so that tliey are well protected. A few aquatics are so highly 
adapted to life in the water that they even produce submerged 
flowers. The pollen is conveyed to the stigmas by curreirts of 
water. Corresponding with this uncertain method of pollination, 
a largo amount of pollen is produced as in the case of land plants 
pollinated by wind. 


LE,SSON 26 

How Plants Prepare for Drought 

(See plate .131 

I N very striking contrast to aquatic vegetation, which we 
con.sidered in the preceding Lesson, are the plants which 
inhabit dry situations, such as dry heaths, shingle banks, 
sand dunes and deserts. Such plants are termed xerophytes, 
and the problems confronting them are entirely different from 
those rvhich have had to be solved by the aquatics. The soil 
of such places retains very little water, it is often so loose that 
it is shifted by the wind ; organic matter is scarce, and the 
rainfall often small. In such places also there is little or no 
shade from the sun, and no protection from the wind. Water 
supplies are, therefore, very meagre, and risk of loss of water 
by evaporation is very great. The plants must obtain water 
somehow from the soil, and retain as much of it as possible, in 
order to maintain their cells in a turgid condition. 

Deep roots are an obvious necessity for plants growing in such 
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habitats With sufficient depth of root a plant cfm remain 
fixed even if the surface layers of sand are blown away by the 
wind ; also, at a depth of a few feet the roots are bound to 
come on soil in which there is a certain amount of moisture 
Some transpiration must talie place m order to make use of the 
water which is absorbed, but it must be reduced to a minimum. 
Tile development of special water-storage tissue i.s an advantage ' 
the plant with reseiwe supplies is then enabled to withstand 
periods of drought. 

All plants that thrive in dry habitats do not adopt the same 
solution to the problem of their water supply. The possession 
of deep roots or underground stems bearing roots is very general, 
but more than one device is shown for lessening transpiration. 

Devices for Reducing Transpiration. The marram grass is an 
excellent example of a xerophyte possessing deep underground 
stems. The plant abounds on sand dunes, and is often planted 
to bind together the loose shifting sand by means of its long 
rhizomes and roots. The leaves are about 3 ft high, with very 
sharp hard tips, which can force their way up without injury 
through the sand, should it bury them The aerial stems also 
force their way up to the surface, and frequently send out new 
rhizomes a few inches below the new surtace. This extensive 
underground system of rhizomes bearing roots is occasionally 
brought to view by wind blowing away much of the sand. 
Rhizomes have been found measuring over 20 ft. in length. 

The leaves of the marram grass are beautifully adapted for 
reducing transpiration to a minimum. In damp weather the 
blades are flat, like those of an ordinary inland grass ; but in 
dry weather the two edges of each leaf roll together, so that the 
leaf appears as a long narrow cylinder. The leaf bears its 
stomata (through which water vapour is lost) on One surface 
only, and it is this surface which lies on the inside of tlie cylinder. 
This surface of the leaf is deeply grooved, and the stomata are 
still further protected from currents of air by lying near the 
bottom of the grooves, and by having hairs growing from the 
intervening ridges. The curling up of the leaf in dry weather 
and its flattening in moist conditions are caused by changes in 
tnrgidity of the thin-walled " hinge cells ” situated at the bottom 
oi the grooves. 

Rolled leaves which serve the same purpose are characteristic 
of many plants growing on exposed heaths, e.g, the cross-leaved 
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heaths {Erica teiraUx). The leaves of these plants are usually 
small and thick-skinned. The ling (Calluna vulgaris) has very 
small leaves, which are V-shaped in cros.s-section and arranged 
ill four vertical rows on the stem. In dry weather they fold in 
tightly, one upon the other, and thus each is protected from 
the surrounding air by its neighbour below. 

Corse is very abundant on heaths and commons. It is enabled 
to withstand dry conditions by the possession of very small 
leaves, many of which are modified into hard dry spines. Thus, 
not only is the transpiring area of the plant reduced, but the 
plant is also protected from browsing animals When leaf area 
is reduced, it follows that the assimilating area is also diminished. 
To compensate thi.s, the younger parts of the stem are green 
and thus able to help with carbon assimilation It is of interest 
to note that the first foliage leaves produced by a seedling gorse 
plant resemble clover leaves. This suggests that gorse once 
had compound leaves, and its success in dry habitats is due to 
suppression of its transpiring organ-s. 

Broad-leaved plants which occur in dry situations have various 
devices for checking transpiration : the leaves of the yellow- 
homed poppy are covered with a felt of hairs ; those of sea holly 
bear a bloom of wax ; those of the sea pea and sea bindweed have 
a very thick cuticle. The plants just mentioned grow on 
shingly beaches or sand dunes. 

Water-storage Tissue. The development of special water- 
storage tissue, resulting in " succulent ” fleshy leaves or stems, 
is met with in many xerophytes. Succulence is most highly 
developed in cactus plants, characteristic of desert floras ; in 
these the leaves are greatly reduced and represented only by 
prickles or spines, while the stem swells up, stores water and does 
the work of the leaves. Frequently a waxy bloom is combined 
with the succulent habit. The most common British xerophytes 
showing succulence are the stonecrops (Sedum) and the house 
leek {Sempervivum), often seen on rockeries, walls and roofs. 

Many plants which grow in salt marshes near the sea exhibit 
the same modifications of structure to reduce transpiration as 
do those in dry places, and, particularly, possess the succulent 
habit. Examples of salt marsh plants are the glasswort {Sali- 
coniia), the cord grass [Spartina), sea lavender {Statice) and sea 
plantain {Planiago maritima). Salt marshes ai'e areas which are 
periodically inundated by the tides, and left as large tracts of 
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mud intersected by water -channels and pools. There is obviou.sly 
iiu shortage ot water, but the content of aodinm chloride is very 
high II, therefore, the plants wore to absorb large quantities of 
sea-water and transpire rapidly, great accumulations of salt 
■would occur in their cells and be injurious to their tissues. It is 
probable that salt marsh plants, although surrounded by water, 
really absorb very little of it, possibly only at such times as the 
salt content is sufficiently reduced by the addition of fresh water 
at heavy rainfall. 

Woodland Plants. In all woods trees are the most con- 
spicuous feature ot the vegetation Beneath the larger trees there 
are usually stunted ones, saplings and shrubs, forming an under- 
growth, and d carpet of herbaceous plants forming the ground 
flora. The donnnant type of tree in a wood depends usually on 
the type of sod. e.g . beech and ash on chalky (calcareous) soil, birch 
and oak on non-calcareous sod The character and amount of 
undergrowth depend on the dominant tree. In a beech wood 
there is very little undergrowth ; this is due to lack of light 
caused by the extensive branching and perfect leaf-mosaic of 
the beech trees. A.lso, beech leaves rot down very slowly, and 
thus there is not much available humus in such a wood. In the 
autumn many fungi arc seen on the ground , these, being sapro- 
phytes devoid of chlorophyll, can flourish in the deep shade, 

Of a different character is an oak wood. These trees cast far 
less shade than the beech ; consequently, there is abundant 
undergrowth. Usually hazel is the commonest shrub, and with 
it often occur bushes of hawthorn, sloe, dog-wood, spindle, willows, 
and the climbing briars and honeysuclde. In early spring the 
ground flora con.sists of dog's mercuiy, wood anemone, violets, 
lesser celandine, primrose and many others, to be followed 
by the bluebells, and a little later the pink campion, white and 
yellow dead-nettle, wood spurge, fo.xglove, etc. It will be 
noticed that the earliest flowering herbs frequently possess under- 
ground storage organs. These food stores enable the plants to 
make rapid growth as soon as the weather permits, and, therefore, 
to build up fre.sh foods for the following year before the taller 
plant's over.shadow them. Again, those that depend on in.sects 
for pollination are able to show their conspicuous flowers before 
the overhead canopy obscures them. 

The numerous plants found in such a wood are necessarily 
compotieg with one another for food from the soil. Owing 
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however, to the dilfcrent depths to which the roots of trees, 
shniljs and herbs penetrate the soil, this competition is not a.s 
^eat as it might be. The chiei benefit which small woodland 
plants derive from their habitat is in the form of shelter from .sun 
and wind ; they can, therefore, afford to .spread their leaves as 
much as possible to facilitate the process of photosynthesis without 
running any risk of excessive transpiration The dying down 
of the ground flora and subsequent rotting ol leaves and stems 
enrich the soil with humus, which is greatly to the benefit oi tire 
larger trees 

The student, for practical work, should, whenever possible, 
note Ihe different types of plants growing in different habitats 
Uprooting one or two examples, he should note whether shallow- 
or decp-rooled ; observing the general mode of growth and, 
particidarly, the leaf characters, he should try to see how the 
plants are adapted to their environment. He should study the 
soil character for any habitat under investigation, noting whether 
it is chiefly clay, sand, gravel or chalk, and whether humus 
(characterized by a very dark colour) is present. A list of the 
plants found should be made and compared with the flora of other 
types of soil. 


LESSON 27 

Classification of the Gymnosperms 

(See plate 34) 

A ll living seed-plants are grouped as Phaneyogams, which 
class is subdivided into angiosperms and gymnosperms, 
according to the way in which the ovules are borne. 
As already mentioned in Lesson 23 (page 146), gymnosperms 
are naked-seeded plants, that is, the ovules are not borne within 
an ovary. They include the following four groups ; 

I, Ginkgoales, represented by only* one Living species, the 
maiden-hair tree [Ginkgo biloba), a native of eastern Asia. 

2. Cycadales, tlie cycads, a small group of comparatively lowly 
forms, which in past geoiogicaJ times were very numerous and 
widely distributed. They are limited to the hotter parts of the 
globe, especially Central America and Australia. A cycad 
somewhat resembles a palm in appearance, but has usually a 
much shorter trmik. 
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3. Gnemtes, a small group ol only three genera, which differ 
greatly iron! one another in general a]rpearance and are limited 
to the hotter parts of the globe W^hinfschia, which occurs in 
the deserts of south-western Atrica, somewhat resembles a giant 
radish in having a swollen undeiground hypocotyl which may 
exceed four yards in circumference. The plant bears only two 
lcave.s, which are over two yards long, and lie flat along the 
suitace ol the soil Epheara may be described as a switch 
plant, having thin, long-ioinled green stems and minute .scaly 
leaves It occurs in the deserts ol western Asia Members of 
the tliiid genus, Gmium, are mo.stlv climber-' (lianas) from tropical 
Asia and America , then leaves resemble those of angiospernts 
m being broad with a netwoik arrangement of tlie veins. 
This entire group shows an appioach to the angio.sperms in the 
tact that theii small flowers possess a perianth, which is absent 
in other gymnospenns 

4. Comfcralts, the cone-boaiing trees. TliO gieat majority ol 
gymnosporms belong here, familiar examples including the 
monkey pu7zle {/Uaucana), pines (Pivus), firs (Abies), 
spruce {Picea). cedai (Cedrus), laich (Lanx), cypres, s (Cupressus), 
jumper [Jtmiperus], and yew (Taxus) Many of them are forest 
trees of considerable size, and in .some parts of the world they 
cover large aieaa, as, for instance, in the cooler parts ot the 
northern hemisphere Among them are the gigantic Wellingtonia 
{Sequoia giganlea) and redwood {S senipervirens) of North 
America The former may attain a height of over 460 ft., 
with a trunk of 112 ft. in circumference {see illus., Vol. 2, Plate 
22) Many conifers are of very great economic value, furnishing 
" soft wood ” timbers, turpentine, resin, etc. There are about 
350 known species, of which more than a fifth belong to the genus 
Pinus 

All the members of this group are woody, and the majority 
are evergreen trees, with leaves which persist for three or four 
years. The larch, however, is deciduous, i.e,, sheds its leaves 
annually. The most distinctive external feature of the group 
is the foliage, which, in general, consists of .small " needles." 
The simple flowers are of two kinds, male and female, which 
in nearly all cases are in the form of cones and possess no perianth. 

Structure ol Vegetative Organs. Tho general anatomy of 
stem and root of the conifers shows close agreement with that of 
the dicotyledons, which we considered previously (Lesson 23) 
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in some flelail. The distribution ol tissues is similar, and both 
sliow increase in thickness from year to year by tlie activity ol a 
layer of cambium. A striking feature in the cortex of the stem 
of a conifer is a ring ot large resin canals Each canal is an 
intercellular space surrounded by small cells, rich in protoplasm, 
which secrete the resin into the canal. These canals are found in 
all paits ol the plants (except in yew trom which they are entirely 
absent) The icsin i.s a protection to the plant against animals ; 
it rendens the young twigs distasteful 

A detailed examination ol the wood and bark shows .oome 
marked differences in .stuictiire between the conifers and angio- 
.speim.s. Foi example, in the wood of the conifers there are no 
conducting vessels, but conduction of watei etc,, is performed 
by single elongated cells known as tracheids This, anrj other 
structural dilferences, show that the group is fundamentally 
distinct Irom the dicotyledons. 

The leaves diffei .greatly from typical leaves of dicotyledons, 
being usually of simple structure and often travel sed only by 
one small vein. The needles show many characters which are 
sssocisted with reduci!2g- traitspitation, a.g. a thick cuticle and 
protected stomata. The lack of side-veins is compensated 
for by a special tissue, known as transfusion tissue which sur- 
rounds the vein and is a characteristic feature of the conifers. 
In several common genera (e.g. Ptnus, Cedms, Lartx) the needles 
are borne on special " dwarf shoots,” which arise in the axils 
of scale leaves on the ordinary long shoots, and bear a few brown 
scales below and a variable number of foliage leaves above. 
In the pines the entire dwarf shoot fails from the tree when the 
leaves are shed. 

Reproductive Organs. It is in the flowers and the processes 
of pollination and fertilization that the gymnosperms show the 
most marked differences from the dicotyledons, and, to illustrate 
this, we will take as our example the Scotch fir {Firms sylveslris). 
The male and lemale flowens are borne in* separate cones, but both 
sexes occur on the same plant. The male cones are small yellow 
oval structures, usually borne in clusters. The central axis of 
each cone bears numerous scale-like stamens, obviously more 
leaf-like than the stamens of augiospernns. On the uncler side 
of each scale are two targe pollen sacs, which, when inature. 
split widely open to liberate the pollen, which is distributed by 
wind. Each pollen grain is provided with two bladder-like 
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expansions of the cell-wall which act as wings and so enable 
the pollen to be earned long distances. 

The female cones of the Scotch fir first appear as small reddish 
structures just beneath the apical bud of a shoot. Each ig borne 
on a short stalk The central axis of the cone bears the ovuhferous 
scales, each of which bears two ovules on its upper surface near 
to the cone axis Beneath each ovule-bearing scale is a small 
sterile bract. 

Each ovule lies witli its inicropyle towards the cone axis ; 

each 1.S surrounded by 
a single protective 
coat or integument, 
and contains a large 
embryo sac. At the 
time of pollination 
the scales of the 
female cone are 
slightly separated 
from one another, so 
that the pollen grains 
can get blown be- 
tween the scales and 
reach the inicropyle. 
A small quantity oi 
liquid is secreted just 
within the niicropyle. 
and to this the 
pollen gi'ains adhere. 
A long interval occurs 
between pollination 
and fertilir, a tion, 
amounting to over a year in the pines, where pollination 
takes place in May of one year, but fertilization is not effected 
until June of the next ytear. Pronounced, growth of the female 
cones occurs in this interval, accompanied by complete develop- 
ment of the ovules 

When ready for fertilization the ovule presents a very diffeient 
structure from that seen in angiosperms. The large embryo 
sac is filled with tissue rich in food material. This feaiure is 
characteristic ot all gymnosperms, and is one of the most important 
distinctions between this class and all other flowering plants. 
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PINUS SYLVESiTRIS : REPRODUCTIVE SYSTEM 

A, part of longitudinal section of female cone, B, 
single stamen of male cone. C, winged pollen grain. 
D, ovule contained in female cone. 
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Embedded in this tissue (the female protliallus), at the micropylar 
end, arc a few flask-shaped organs known as archegonia, in wliich 
the egg nuclei are held. 

A short time before fertili7.a,tion the pollen grains germinate 
and put out long tubes which grow down to the arcliegonia. The 
nucleus of the pollen grain has undergone several divisions, its 
mosl. important products being the two mate nuclei, one of winch 
fertilizes the egg nucleus in the archegonium, while the otiier 
degenerates. The outcome of fertilization is the development 
of a young embryo within the ripening seeds ; the entire cones 
undergo con.sidcrable enlargement, becoming v'ery woody ; 
wlien ripe, the cone-scales gape apart to set free the winged seeds, 
whicli are dispersed by wind. 

Ginkgo (the maiden-hair tree) and the cycads are of great 
interest, because they show a transition from the metliods of 
fertilization of other phanerogams and the methods we shall 
notice in considering tlie lower types of plants, Pollen tubes 
are produced from the pollen grains, but the male nuclei have to 
complete their journey to the egg nucleus by means of their own 
movements, They are provided with thread-hke appendages 
called cilia, and by moving these threads they swim to the 
archogonia in a slimy fluid which is secreted by the female organ, 
Such motile gametes are known as spermatozoids, and, with them, 
fertilization is dependent on the presence of a certain amount of 
liquid. In the conifers, which have no necessity for the presence 
of liquid at fertilization, we may see the loss of the last 
traces of the probable aquatic ancestry of the vegetable kingdom. 

Our Course in Botany Is continued in Volume 5» 
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LESSON 7 

Wars and Revolts of the 15th Century 

(See plate 3SJ 

rT''^0WARDS the end of the 14th century the strength of 
I Parliament — of the House of Commons in particular— 
had been growing, and in the beginning of th (3 15th, 
for 50 years, it reached a peak of development only arrested 
by the Vdars of the Roses In 1399, by lying promises, Henry 
of Lancaster had induced Richard II to place himself in his 
power. Having pretended that he would help the If mg to 
govern better, he imprisoned him in the Torver, and there Inrccd 
him to sign his abdication, which Parliament immediately 
accepted. The throne being empty, Henry staled his claims to 
it, Parliament, in assenting, reverted to the old right of (flection 
and to the precedent supplied by the deposition of Edward II. 

h&vi tvjRt <jit 'ws.s, E.'d-ss.'i.wi 'Iferiim/ui, 

great-grandson of Lionel, duke of Clarence, second son of 
Edward III. Henry was the son of Edward’s third soil. John 
of Gaunt. In passing over the claims of Edmund Mortimer — 
a small boy at the time, but who might, and did, become a 
rallying-point for rebellion — and in the acceptance of Henry 
as king, Parliament gained a hold upon the dynasty of Lahcaster, 
The constitutional problem was here solved by parliarfientary 
choice — ^representative of the barons and of the nation fif large 
—and not by hereditary right of descent. From the accession 
of Henry IV the members of the royal council were noiriioated, 
and their salaries, rules, and procedure governed by Parliament. 

Henry’s reign was consequently a troubled one. He was 
hound to consider the iVishes of Parliament to a greatef extent 
than his predecessors. After a rebellion in 1400 had been 
ruthlessly suppressed, the unfortunate Richard died in circum- 
stances suspiciously like murder. It was generally believed that 
he had been put to death by Henry's command, but tb® latter 
declared that Richard committed suicide by voluntary staf'^ation. 

The Percy RabelUon, A quarrel with the most prominent of 
’’is former supporters, the earl of Northumberland, over the 
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ninsom of Scottish prisoners taken in a horder raid, was the 
orcasinn of a dangerous revolt, nominally on behalf of Rdmund 
Mortimer, the young carl of March. Northumbefland’h son, 
Henry Percy — know'n better as Hany Hotspur — had mfirried 
Kdmund Mortimer’s aunt. Other causes irritated the Percy 
family and they marched against the king, but were completely 
rideated at the battle of Shrewsbury, where Hot.spur was killed. 
Northumberland, soon after taken prisoner, was only pardoned 
on oath at complete submissroTi Afla- the Percy rebellion, 
except in Wales where rebels headed by Owen Glendower — who 
wished to make Wales independent and proclaimed himself its 
prince — were in arms llirouglioiit the reign, there were no more 
active insurrections. 

Battle ot Agincourt. Henry TV died, a worn-out man, before 
hfi wa.s fifty Henry V (1413-22) added lustre to the English 
iirui'i by renewing the war with France, winning a victoiy at 
Agincourt as astonishing a.s those of Crecy and Poitiers, reducing 
Normandy by a systematic succession of sieges, making himself 
master of north France by alliance with the powerful Philip, 
duke of Burgundy, and securing — on paper by treaty wdth the 
half-mad king, Charles VI, whose daughter Katharine he married 
— the succe.ssion to the throne for himsell and his heirs. At the 
age of thirty-three Henry V died on campaign, leaving the 
French and Englisli crown.s (since Charles VI also died within a 
few weeks) to the year-old infant, Henry VI (1432-61) 

Thirty-one years later all that Henry V had won was lost, 
and more. Of all that England had ever held in France, nothing 
remained but Calais. After 1438 the gams were all on the 
Inench side. With a mistaken sense of national pride the 
English persevered with the disastrous war until 1453, although 
the count ly grudged all money and men sent across the Channel, 
biege artillery was used most effectively by the French to batter 
the English out of their various stronghoids 

End ot the Hundred Years’ War. Henry's brother, John, 
duke ol Bedford, appointed regent in France, had striven to 
carry through the policy of conquest bequeathed to him He 
was hampered by the intrigues of his brother, Humphrey of 
Gloucester, Protector in England on behalf of the infant king. 
When Joan of Arc had led the French to victory after victory — 
till she was captured by the Burgundians, condemned as a 
heretic by an ecclesiastical court, and handed over to the English 
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to bo burnt at the stake (1431) — matters wont continually from 
bad to worse Hodforrl died ■ Burgundy joined the French king 
Charles VII. whom Joan bad crowned ; the English nobles, broke 
up into faction.? and after a desperate effort to save Guienne, 
in 14.33. nothing remained but Calais The Hundred Years' 
War was finished 

Wars of the Roses. From 1422 to 1-147 England was disturbed 
by the rivalry of Beaufort and Gtoncpster The Beaufort family 
was headed by the bi,shop of Winchester Chancellor of England 
and afterwards Cardinal, and his brotiiers, who were illegitimate 
half-brothers of Henry IV This rivalry between the Beauforts 
and Gloucester continued alter Bedford’s death, the Beauforts 
becoming a peace party, while Gloucester, as leader of the war 
party, was supported by young Richard, duke of York. The 
last named derived his title through his father from a younger 
son of Edward III, but through his mother was heir to all the 
claims of Edmund Mortimer, who had been passed over when 
Henry IV was made king. Gloucester lell into disgrace. He 
had been forced to renounce the Protectorship when Henry VI 
was crowned. York was sent to France, and the Beauforts 
dominated England and negotiated the king's marriage with 
Margaret of Anjou, a princess of strong and fierce personality, 
who was henceforth closely associated with tlieir party. 

The marriage was very unpopular ; Gloucester was murdered ; 
his death made Richard of York heir pre,sumptive to the throne, 
as there was no other prince of the blood royal between — except 
the Beauforts, who, though illegitimate, evidently meant to 
assert a claim if the king should die childless. Richard showed 
no disloyalty, but claimed the authority in the government due 
to his position There was a prolonged political struggle betiveen 
him and Margaret. The prospect of his hereditary accession 
faded with the birth of a son to Henry and Margaret, but 
Parliaments of 1450-51 were, strongly on the side of Richard. 
At last war broke out between the supporters of Lancaster and 
Y ork, and Richard claimed the succession in priority to the prince 
of Wales, as the true heir of Edward III. Margaret was ready 
to fight like a tigress for her son, and the first of the fourteen 
battles of the Wars of the Roses was fought at St. Albans, 1455, 
in which York was victorious. Richard, however, was defeated 
and killed at Wakefield (1460) Then his son Edward defeated 
a Lancastrian force at Mortimer's Cross, marched to London, 
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\vhere he was proclaimed king, and shattered the Lancastrians 
at Towton (t46i). Henry and Margaret had to Hoe the country. 

Edward TV (1461-33) owed his crown in great paid to his 
cousin, Richard Neville, earl of Warwick, who is called Wamick 
the kingmaker, and who was the real ruler until he discovered 
that Edward was planning to get rid of him. In his wrath he 
went over to the Lancastrians, drove Edward out of the country, 
and set Henry — who had been captured .some time before and 
shut up in the Tower — on the throne again {1470). But Edward 
returned, defeated and killed Warwick at Barnet, and 
completed the overthrow of the Lancastrians at Tewkesbury 
(1471), Henry, back in the Tower, was murdered ; his son, the 
prince of Wales, had been either killed in the battle or captured 
and murdered afterv'ards. Thus the dynasty of lAncaster came 
to an end, 

To resist Edward was now impossible. The Lancastrian nobles 
were ali dead or in exile ; they had no figure-head except the 
hoy, Henry Tudor, earl of Richmond, an exile in Brittany, whose 
mother was a Beaufort. Edward reigned a.s an absolute monarch 
for twelve years. Then he died suddenly. His brother Richard 
0/ Gloucester seized the crorvn before the child-heir, Edward V, 
could wear it. The whole world believed that the boy king and 
his brother were murdered in the Tower. Our knowledge of 
Richard's reign and character is derived entirely from the 
historians of the next reigii, who painted liim in the blackest 
possible colours and certainly attributed to him crimes which he 
could not have committed, and Shakespeare has made that 
picture indelible. 

However exaggerated this view may be, his rule was so 
intolerable that Yorkists at home conspired with Lancastrians 
abroad to set Henry of Richmond on the throne in Richard’s 
place, and to end the feud of the Roses — the red the badge of 
Lancaster and the white that of York — by maixying him to 
Edward TV’s daughter, Elizabeth. Whan Richmond landed at 
Milford bay, Richard, marching to meet him, was deserted by 
half his followers and lost his crown and his life, fighting mag- 
nificently to the last, on Boswortb field (1485). So fell the last 
of the Yorkist kings, and the crown of England passed to the 
Tudors. 
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LESSON S 

Enfjaiid on the Eve of the Reformation 

(tiee plate 36) 

reign ot Henry VII (1485-1309), the fixst Tudor king, 
i marks the transitional period from the medieval to the 
modern woild. In 1402, Christopher Columbus, backed 
by the Spanish nionnirhy, set i^ail west instead of east to find 
a new trade route to India In ten weeks he had reached the 
Bahamas — and suddenly the size of the known woild had 
expanded with the addition of a new hemisphere. Spain and 
Portugal reaped the uniiudiate material wealth and glory, 
England had no coniniercial -.haie in the discoveries till after 
the middle of the i6th century but the effect on the mental 
attitude of her .scholars and thinkers was revolutionary 
Expansion ot ideas followed the physical widening of space, 
During the 15th cenlurj the disintegration of old ideals had 
proceeded now the Renaissance was emerging. Printing 
piesses weie at work in England the new learning and revival 
of the classics were advancing (.luickly at Oxford, but so far had 
not come into opposition with the Church Diplomacy was 
making headway m foreign affaii's, but the theory of the 
balance of power was not developed till the reign of Henry VTII. 

Henry Tudor. The Wars of the Roses pioved to be the death- 
blow to English feudalism Henry Tudor posso.ssed a strong 
character and remarkable astuteness He had the highest 
reputation for statesmanship, and restored England's lost position 
as a European poivei ; but, in addition, he put his own house in 
order. He founded a strong dynasty, and set the keynote of a 
successful policy at home. Lack of funds and the slenderness of 
his title to the throne might have kept Henry dependent on 
Parliament. By tin substitution of huge fines and confiscations 
of property for the death penalty of treason, he filled his excliec] uer 
and also completed the fall of the antagonistic baronial families ; 
by marrying Elizabeth of York, lepresentative of the rival house, 
he .strengthened his title to the throne. 

At the ope.. .,g of his reign, despite the wars, the rural popula- 
tion in Eng bind was moderately prosperous, but unfortunately 
did not retain prosperity The growth of the wool industry 
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had increased tlie demand tor sheep conseciueutly arable land 
had been turned into pasture and much common land had been 
enclosed Justifiable discontent arose out of this, as agriculture 
had employed more labour and tho small tenant was deprived 
of his waste land Tho capitalist who thus speculated in laud 
brought about the abandonment ot rural districts by the 
unemployed and the gradual increase of oiit-ol-work poor in the 
urban districts. The Tudor period v/as individualistic and not 
.social. The commercial connexion between landlord and tenant 
took the place ol the feudal tie — cruel enough often, but atill 
entailing personal responsibility — and the owner merely cared 
for niiikiiig money, while his tenants’ sole value to him vvas the 
profit they produced. 

Besides the capitalist in land, two other' type.s appeared : 
the manufacturer employing labour on a comparatively large 
scale, and the merchant who sold his manufactured goods. 
In the provincial centres the manufacturers e.slabli.shed them- 
selves, while the merchants had their offices in London. 

Rising ot Yorkist Pretenders. Until 1505 Henry was troubled 
with periodical insurrections on behalf of Yorkist pretenders, 
including that of Lambeil Sininel. in 1487, and that of Perkin 
Warbeck, beginning in 149^ The king quelled these rebellions 
in characteristically vigorous but diplomatic fashion. During 
the seven years of the risings connected with Perkin Warbeck 
Scotland 'Was invoh'ed, as James IV had received the impostor 
cordially under his guise of a Yorkist prince, and allowed him to 
marry his kinswoman. After the execution of Warbeck. Henry 
made alliances with Scotland and Spain. His daughter, Margaret, 
was married to James IV, and Arthur, bis eldest son, to Catherine 
of Aragon. Arthur died, and after the death of Henry VII 
Catherine was married to Henry VIII, six years her junior, 

Wolsey and the Flenaissance, Henry VIII succeeded to a 
fairly ordered country. Ferdinand of Aragon, his father-in-la-w, 
and the Emperor Maximilian tried to dravv him into war with 
France. England had nothing to gain by this, but the lung was 
young and the country quite ready to use its restored strength in 
a war of aggression. The work of army organization was assigned 
to the king's almoner, Thomas Wolsey (1471-1530). In 1512 a 
brief campaign was started in France, but was a failure, Wolsey, 
however, proved the warie-st and most diplomatic of state.smen 
in negotiating a peace which was in accordance with the prevailing 
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ideas of national greatness He himself believed that England 
would be more poweitiil in peace than in war and in this he 
leflected the spirit of the Renaissance This intellectual move- 
ment somewhat slow m reaching England, was based primarily 
on the desue to study the Gioek language and classical culture. 
The most remarkable member o£ its protagonists m England was 
Sir Ihomas More, the author of " Utopia,’ who longed for the 
king to abandon militarism and cultivate the arts of peace 
Wolsey, by 1515 Chancellor of England and a Cardinal was a 
great supporter of the Renaissance 

He IS sometimes called England's first great foreign minister, 
and It was his constant desire to hold the balance of power 
between Fianris I of Fiance and the empcroi Chai le‘ V, grandson 
and heir of both Maximilian and herdmand of Spam 

Fall ol Wolsey. It is only since the publication of the State 
Papers of the penod that Wolsey has leceived just acknowledge- 
ment as a great statesman He was unpopular, alike with 
commoners and nobles, on account of his ostentation and 
arrogance Hvs downfall, howev er, was not due to his enemies, 
but to his inability in spite of his utmost diplomatic eEorts, to 
persuade Pope Clement VII to annul, as head of the Chustian 
world and the Christian faith, the marriage, solemnized by a 
papal dispensation, between Henry and Catherine of Aragon, the 
widow ol Henry's deceased elder brother, Arthur Henry’s 
conscience became for various reasons — chief amongst them the 
lack of a male heir— -uneasy about this marriage it was certauily 
Contrary to the law of the Church , had the earlier Pope authonty 
to sanction it i When to Henry's doubts was added a strong 
desire to marry Anne Boleyn, be insisted that the marriage was no 
marriage but public opinion required that the Pope should say 
BO Clement was too much afraid of the emperor, who was 
Catherine's nephew, to commit himself , Wolsey, being half- 
hearted in the matter, failed to persuade him Henry had no 
more use for the Cardinal, who was presently charged with treason, 
though he died at Leicester on the way to his trial m London 
Wolsey’s fall was the fust step towards the Reformation If 
the Pope would not give way, the papal authority m England must 
be repudiated altogether by a king on whom another Pope had 
bestowed officially the title of Defender of the Faith on account 
of his vigorous denunciation of the heresies recently propounded 
by Martin Luther 
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LESSON 9 

The Reformation in England 

(See plates 36 and 37) 

A fter the fall of Wolsey Henry, with the support of 
Parliament, embarked on his revolutionary course. 
There was one Church in all western Christendom, and 
all acknowledged the Pope as its head, in England as elsewhere ; 
the only c|uestioii, until Luther appeared concerned the precise 
extent of the papal authority The Church was international, 
taking no account of separate countries ; but if the Pope refused 
to do whal vvas in Henry's eyes his obvious duty, his divine 
authority wa.s proved to be a fiction, and Henry, for England, 
would assume the authority himself. Being m his own view a 
pattern of orthodoxy the king had no intention of countenancing 
heresy and adopting the new doctrines of Reform , but the 
dissolution of the monasteries and the consequent redistribution 
of the national wealth were in accordance wjtli the .spirit of the 
age, and consequently a senes of changes was inaugurated by 
Parliament during its sittings between the years 1529-34, which 
resulted in tiie annulment of papal authority in England. 

In making these changes, which established the Reformation 
politically, Henry was therefore able to feel and to show that he 
had the support of the nation behind him. Most of the clergy 
even, unless they happened to be at cros.s purposes with the 
king, resented papal interference, tliough most would certainly 
resent no less the interference of any lay authority with regard 
to Church property or in ecclesiastical affairs Where they were 
in opposition they had to be coerced. Though the monks were 
easy, charitable and therefore popular landlords in the north and 
west country, they were not so highly esteemed in the east and 
south, and laymen generally were envisiis of the great wealth 
of the ecclesiastical foundations, the luxury m which many of 
the higher clergy were able to live, and their political influence 
—as in the case of the fallen Wolsey — and censured, or affected 
to censure, the reputed low standard of morality in the 
monasteries. 

There was also an undercurrent — in .spite ol the general 
conservatism in matters of religion —of whal was soon to be 
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called Protesitant opmioti, duived fiom the condemned teaching 
of ]ohn Wychf m the days of Richard II — when it was called 
Lollardy — and unconsciously fosteird by later scholaiship 
Since [410 English had begun to displace Latin m hymns and 
devotional primen At Oxford, in 1497-98, Colei had lectured 
m English on St Paul’s Epistles and taken hts hearers back to 
the literal meaning of the words The courtiers and new nobility 
that had spi ung up on the 1 uins of the old had no desire to cross 
the king’s will, especially if he penalized clerical opposition, to 
their own financial profit Cleaily the will of the nation as 
expressed by Parliament was at Henry’s back And he had found 
in Thomas Ci omwell Wolsey ’s former secretary, a man who would 
carry out his will without scruple, fear or remorse 

Breach with Rome. During the first twenty years of Henry's 
reign Parliament had been summoned only when the king was 
in want of money The wealth amassed by Henry VII had so 
far nearly sufficed even foi his son’s extravagance, and appeals 
for money had been larely necessary Thus, Parliament being 
so seldom called, Wolsey' had accustomed the country to govern- 
ment without it Now It was to be in constant session, to endorse 
Henry’s policy The reserves were exhausted, but the supplies 
to be asked for were not to be drawn from the pockets of laymen, 
but from the spoliation of the Church The long-established 
payments to Rome were to go instead to the royal treasury 
An enormous fine was levied for a technical breach of the law, 
in which the kmg as well as the Church as a body had shared. 
The clergy were no longer allowed to legislate, and all appeals to 
Rome w'ere forbidden The Pope, Clement VII, remained 
obdurate, and Convocation declared that the king was the 
head of the Church 

A new archbishop was appointed, Thomas Cranmer, who, 
presiding ovei an English ecclesiastical court, pronounced the 
marriage with Catherine invalid from the beginning Thus, 
automatically, though tile Pope retoited a year later by officially 
pronouncing it valid, Catherine’s daughter Mary became illegiti- 
mate, and the breach with Rome was complete Henry married 
Anne Boleyn Ciomwcll, as tfit ’’ vicar (lieutenant) gencial ” 
of the head of the Church, carried out a visitation of the 
monasteries, the inmates of which continued to be the Pope’s 
loyal supiJorters, and whose wealth was m many instances vast. 
The report of this was held to warrant the dissolution of a great 
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mimbor of the smaller foundations. The north ot England lose 
in protest ; the insurgents (the Pilgrimage of Grace) were induced 
by fair words to disperse ; then savage vengeance was tahen, 
and a Couiicil of the North was established to keep the people 
of those parts in order. 

During the latter years of his reign Henry was more despotic 
than ever. Parliaments were seldom called. The spoliation 
of the Church included hospitals, colleges and guilds. The 
larger monasteries met with the same fate as the lesser before 
— the confiscation of their wealth, which enriched the 
Trea.siiry, and of their estates, which were often sold. The 
purchasers formed a new landed gentry, who had no traditional 
connexion with their new estates and tenantry, but had a fixed 
rtutennination not to part with what they had gained. The great 
act of spoliation was accomplislied. In this lionry rvas un- 
scrupulously abetted by Cromwell, whose aim it was to erect 
an absolute monarchy, and thereby secure his own high po.sition 
and enrich not only his master but himself. 

Downfall of Cromwell. In 1536 Henry had tired of Anne 
Boleyn, and on a series of monstrous charges he had her tried 
and beheaded. Probably her unpardonable crime was that her 
only child was a daughter and not a son — the daughter who was 
to become famous as Queen Elizabeth, but who was now 
pronounced illegitimate. Then Henry married a third wife, 
Jane Seymour, who died after giving birth to a son, the indisput- 
able heir to the throne. Cromwell had procured from Parliament 
a new Treasons Act, which practically made the king absolute. 
He now wished Henry to con.summate the battle with the Papacy 
by alliance with the German states which had adopted 
Protestantism ; to that end he suggested a fourth bride, Anne of 
Cleves, for his master, tlem-y, pleased with a portrait painted 
of the German princess by Holbein, agreed, but on her arrival 
found her so unattractive that he discovered technical grounds 
for repudiating the marriage. CroraVell was denounced for 
treason. A bill of attainder was rapidly passed by both Houses 
of Parliament and assented to by the king. Cromwell was sent 
to the .scaffold without being even heard in his own defence — 
Condemned under his own treason law (1540). During the 
remainder of Henry's reign there was no further advance towards 
Protestantism, In spite of his fifteen years of plunder and his 
vast inherited wealth, he finished with the financial trick of a 
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debased system of coinage — means by which be coiild pay debts 
by issuing coins at a nominal value gi'eater than that of the metal 
composing them. He wa.s driven to this desperate expedient 
by the expense.^ incurred in aggressive wars with Scotland and 
France in which England was engaged between the years 15^:)~46 
Prayer-hook of Edward VI. Henry had been expressly 
authorized to fix the succession by will ; after Edward he 
flotnifiated Catherine of Aragon's daughter, Mary, and after her 
Anne Boleyn's daughter Elizabeth. Edward had been brought 
up in a .strictly Protestant atmosphere ; at the moment ol 
Henry's death (1547) the Howards, the lay leaders of the Catholic 
party, were in disgrace — owing to the fall and execution of the 
fifth queen, Cathoriue Howard — and the advanced party, headed 
by Somerset, the young king’s uncle, were able to .seize control 
Somerset and Thomas Cranmer, Archbishop of Canterbury — 
both idealists with little sense of the practical — pushed forward 
the Reformers' programme, and a revised prayer-book was issued 
in 1549. Someracl was ousted from power by his rival North- 
umberland, who joined the extreme Reformers. Edward had 
now come to regard alf defection from Protestant orthodoxy a.s 
criminal. A second prayer-book was issued, accompanied by an 
Act of Uniformity, imposing its acceptance under severe penalties 
on both clergy and laity. England was to be firmly 
Protestantized. But a religious system built up solely on the 
will of the king was hardly likely to survive him. Edward VI, 
a minor still, died in 1553. Under Henry's will the heir to the 
throne was Mary, a zealous Roman Catholic. In fear of the 
results of her accession, Northumberland had persuaded Edward 
to make another will leaving the crown to his cousin. Lady Jane 
Grey, a fervent and sincere Protestant, who was proclaimed queen 
But so hated was Northumberland that public opinion was solid 
on Wary's side, and the people would have nothing to do with a 
claimant advanced by him. The revolt was easily crushed, and 
Jane was sent to the Tower. Then another revolt was raised on 
behalf of Elizabeth which was also crushed, and Jane and her 
young husband, Dudley, were sent to the block and Elizabeth 
to the Tower. No evidence of her complicity could be found, 
but she remained virtually a suspected prisoner for the rest of 
the reign. 

Mary’s Restoration of Catholicism. In 1554 Mary married 
Philip, the crown prince of Spain, who received the title of 
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Mng; and the names of Philip and Mary appeared lo(j;eUier on 
stale documents and on the coins. Before a yeai had passed the 
queen was begging the Pope’s pardon for the sin of breaking away 
from Rome, and craving reconciliation. The new Parliament 
tailed after the marriage proved subservient to her wishes and 
re-enacted the old penal laws against heresy, but would not 
siin-endei the monastic lands 

A pensecution of Protestants then set in, in which .some three 
hundred peisons — including Cranmer and several bishops, but 
no laymen of consequence — were sent to the stake. The effect 
was the precise opposite of what Mary had hoped and believed 
it would be. Persecution by fines, impiiboninent, even by death 
not made conspicuous, might have served her purpose ; but the 
iTUirtyrdoin by fire created a revulsion of sentiment iu the hearts 
of the people. Though considerable numbers remained steadfast 
in the old faith through good and ill, the fires of Smithfleld made 
England a Protestant countiy through all the wars of religion 
from which Europe was to suffer for a century to come. Philip 
was, mistakenly, held responsible ; but he involved his wife in 
a French war, which resulted in the loss of Calais, two hundred 
years after its first capture. A deep hatred of Spain was im- 
planted in the English people. In 1558 Mary died, a defeated 
and sorrowful woman. Not only did Protestantism flourish, 
but she had no child or heir to carry on her zealous work for the 
Church of Rome. Elizabeth, for whom Protestantism was not 
a religious creed but a political necessity, became queen of 
England. 


LESSON 10 

England in the Elizabethan Age 

(Sec plates 37 and 38) 

T he reign of Elizabeth (1558-1603) was for England an 
age of greatly advanced civilization for the wealthier 
classes and increased prosperity for ail except the poorest. 
The period of transition between the feudalism of the Middle 
Ages and the Reformation had been one of disorder and con- 
sequent trade stagnation The spread of vagrancy and pauperism 
had been hardly checked by the terrible laws of Hemy VUI. 
The cun-ency had been utterly disorganized by the issues of 
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debd&ed comaf^e Elizabeth and her Council sent out a pro- 
clamation m isOc explaining the evils of this currency and their 
dcteiniination to call in the whole of it and issue a new coinage. 
This cffeclpd. the lesultant sound currency ensured a levival 
of industiy Under the wise administration of William Cecil 
(who became Loid Burghlcy), leakage of State funds and waste 
disappeared The importation of manufactuied goods and the 
expoit ot raw materials (with the exception of wool) wore 
discoui aged 

Great industries were established by granting monopolies to 
those who engaged in thim Wages were to be fixed annually 
foi earli district for evcrj'- trade and employers could pay neither 
jiLoip noi less than the settled sums to labouiers Houis were 
about nine and a half a day in snnimei, and eight and a half 
in winter Companies authorized by the Crown took the place 
of the old guilds Protestant refugees from Flandcis and Fiance, 
who were skilled ciallsmen, weic encouiaged to settle m one or 
two trade conties and intioduccd their methods of mamifactura 
of paper, silk, and other commodities So successful as teachers 
were these foieign workers that other towns received licences 
for settlers In addition to sdk weaving, the lace-raakmg 
industry was intioduced in many districts by French Huguenots 
Voyages to the New World. English commerce was aho 
advancing with the decay of the old-time control over trade 
exercised by the Gciraan Hansa, or league of commeicial cities, 
and with the growing venturesomeness of English merchants 
and manners, vvho were endeavouimg to extort for themselves 
a share m the Spanish monopoly of that New World across the 
Atlantic which Columbus had discovered for Spam in 1492. 
Year by year the England which, at least since Henry’s death, 
had been sinking lower and lowei m the eyes of Europe, was 
being consolidated once more — prosperous, well-ordered, wealthy, 
contented and — adventurous. Of the gentlemen adventurers 
of this age the two most 'famous are Sir Humphrey Gilbert and 
his half-brother. Sir Waller Raleigh (c. 1552-1618) The foimer 
is noted for his quest of the north-west passage , he founded the 
first English colony m America The latter was poet and 
historian, as well as explorer Desire for extension of liis 
sovereign's wealth led him in 159510 seek El Doiado m Orinoco. 
He could not, how'ever, persuade Elizabeth to take his enterprise 
Beriously, and he was, through delay, forestalled by the Spaniards, 
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Personality of the Queen. Elizabeth came to the throne 
determined to rule over Church and State as had her father, 
Henry VIII. A now patriotism appeared, which was in itself 
a religion— an extraordinary personal loyalty to the queen Tins 
loyalty had a glowing social quality, comprising both Catholics 
and Protestants It dwarfed all other loyalties, I'hough to 
Catholics the legitimate heir was unquestionably Mary Queen of 
Scots, great-niece ol Henry VllI and wife of the French daupliin, 
the bulk of English Catholics were personally loyal to Elizabeth. 
.Since France was Spain's rival, Philip, now king of Spam, was 
forced to prefer Elizabeth to Mary as queen of England. So 
far as foreign intervention was concerned, Elizabeth was secured 
for yeans to come by Ibe rivalry between France and Spam, 
Rernnciluition with the Papacy would involve acknovvlcclgenrent 
of her own illegitimacy, and tvas out ol the qiiosLion Oppie-iision 
of Catholics would drive them to a preference at lea.st for Mary. 
,So she worked out a religious settlement which, though detinilely 
Protestant, could be acquiesced in by all but the more rigid 
Catholics and the most extreme Piotestants, and winch was 
expressed in a new prayer-book, a new Act of Uniformity, and 
the thirty-nine Articles. Between them, these imposed a 
uniformity of practice that was not to be transgressed, while 
permitting a veryi wide latitude of personal opinion, and so 
satisfying the great majority of her subjects. 

Mary Queen ot Scots. Ten years after her accession Elizabeth 
held captive the only person who could possibly be made a 
figurehead for rebellion — Mary Stewart. Mary had not attempted 
to claim the English throne. The dauphin succeeded in France, 
hut almost immediately died, and Mary, who had passed the 
whole of her girlhood in France, returned to Scotland, a widow 
at eighteen. There Protestantism in its most rigid and joyless 
form was already completely predominant ; tlie government 
was in the hands ot the nobles who called themselves the Lords 
of the Congregation and of the Calvinis^ic ministers of religion, 
headed respectively by Mary’s half-brother Moray and John 
Knox. Struggling for independence, she married her cousin 
Lord Daniley, a youth with no merits whatever except his good 
looks. The marriage was a disastrous failure. Darnley joined 
some of the nobles in a conspiincy to murder the one man whom 
she trusted — ^her Italian secretary, Rizzio, A year later Darnley 
himself was murdered. The queen was carried off by Bothwell, 
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the man whom everyone knew to be the murderer, and — married 
liiin, thereby convincing the world of her own complicity. Thg 
nobles rose, drove Bothwell from the country, and carried Mary 
a prisoner to Lochleven, where she was forced to abdicate in 
favour of her infant son James. She escaped from her prison 
but the few followers who rallied to her were defeated at Lang.side 
and by hard riding she crossed the border to throw herself on the 
mercy of Elizabeth (156S) 

For eighteen years Mary remained a captive in successive 
English prisons, a perpetual figurehead for plots which were 
detected, watched till the moment arrived for exploding them, 
and then duly exploded. Mary’s character was blackened in 
tlie eye.s of the world by the publication of the charge.s brought 
against her, while she was denied all opportunity of answering 
them and was never brought to trial. While she lived she was 
a constant danger but a inscful hostage. Only when war with 
Spain could no longei be deferred her life ceased to be useful, 
and Elizabeth consented to her death after a " trial." The 
problem of her guilt or innocence was left for ever insoluble. 

Relations with Spain. Throughout those years Elizabeth, her 
ministers, and the nation weie preparing for the conflict with 
Spain which the queen was resolved to postpone till the last 
possible moment, whereas Philip was waiting only to strike 
and crush at his own time — which would be when the Netherlands 
were completely subjugated. Elizabeth's calculated vacillations, 
her diplomatic juggleries, the astute trickeries with which she 
befogged friends and foes alike, and repeatedly evaded war 
when further evasion seemed impossible, are a most interesting 
study but too intricate to be pursued here, Philip's agents were 
palpably mixed up with one after another of the plots in England ; 
his subjects came to the help of rebels in Ireland and English 
volunteers joined Philip's rebels in the Netherlands. In lyyz 
Francis Drake raided the Spanish Mam, and again in 1578 when 
on his epoch-making voyage round the world. But still no 
declaration of war followed till Philip’s seizure of the English 
Ships in. the Spanish ports put an end to the peace that was no 
peace. Troops were sent officially to the Netherlands, and Mary 
was at long last beheaded at Fotheringay (1587). Then in the 
same year Drake was let loose once again, and destroyed the 
fleet in Cadiz harbour, thus delaying the sailing of Philip's great 
punitive expedition tor a twelve-month. 
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Defeat of the Armada. It sailed in 158S, iias.sed up the Channel 
where it was hammered and partly crippled by the English 
gunnery, but -still in solid formation till it leached Calais Roads, 
from which it was driven out m a midnight panic by fire-ships. 
In the inoniing it lay scattered along the Gravelme.s coast at 
the mercy of the English, who lell upon the reai' and were 
destroying it piecemeal when a furious squall aro-sc which stopped 
the fighting, When the squall cleaved, the already shattered 
Armada was driving north past the east coast ii\ wild flight, 
to be pursued by the English as long as ammunition lasted-— 
that of the Spaniards was already exhausted. The winds, the 
waves, and the rock-bound coasts did the rest, and it was only a 
crippled remnant that ever succeeded in making a Spanish 
port. Dommus flavit et dissipati iunt But the niariners had 
done their work first. The new English and Dutch tactics — 
learnt in the stormy waters of the north — of relying upon 
gunnery, seamanship, and the manoeuvring of sailing ships, had 
decisively triumphed over the old tactics of mass formation 
derived from the oar-driven war-galleys on the smoother waters 
of the Meditemnean- The Spanish dominion of the seas was 
gone tor ever, though more than another century passed before 
England had won definite supremacy. 

With the destruction of the Armada, Spain ceased — though 
Philip knew it not — to be a menace. He went on building 
armadas which came to nothing ; and still the maritime war 
with England went on, the English preying upon Spanish and 
Portuguese commerce on the Atlantic and Indian oceans, while 
the deliberate policy of the queen forbade the delivery of 
deci-sively crushing blows, since France must not be left without 
a continental rival. Apart from the war, and from the outburst 
ot literary glory in Shakespeare and his contemporaries, which 
is the greatest of the brilliant achievements ot Elirabeth’s reign, 
her last years were mauily enme-sbed in the intrigues which, 
when she died in 1603, set the legitin^ate heir of tlie Tudors, 
tlie Scots king James VI, the son of Mary Stewart, upon, the 
English throne, uniting under one crown the two kingdoms 
between which a chronic hostility had prevailed for three hundred 
years. 

For the further study of the Elizabethan era, the student 
may be recommended to read Creighton's ” Age of Elizabeth," 
and "England under the Tudors," A. D. Innes. 
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LESSON 11 

When England and Scotland became 
Great Britain 

(See plates 38 and .19) 

J AMES VI. king of Scots, succeeded Elizabeth on the English 
throve by unchallengeable hereditary right. There was 
no Idgitiniatf descendant of Henry VTII, but James was 
great -gran<:'son of Henry VH’s elder daughter Margaret by her 
first marrid-g®. ^nd in her, as in all Heni-y VII's children, the 
claims of i-k® houses of Lancaster and York were tinited. 
I.ilce the flantagenots, the Scots royal family wore descended 
from Alfred the Great. A political Jnotive, not a legal title, 
was the onty pretext for any plots against the crown that otenrved 
during his feign. Hi.s acce.ssioii united under one crown two 
kingdom.s which had, and continued to have, different laws, 
different officers, different administrative systems, and a 
tradition of chronic lioslitity to each other extending over three 
hundred year.s. Botli countries were Protestant : but the 
official episcopalian brand of Protestantism to England was not 
easily recodcilable with the Calvinist brand prevalent in Scotland. 
Calvin had held that the State was subordinate to the Church, 
whereas in England, since the Reformation, the Church was 
subject to fhe State. After the defeat of the Armada, however, 
the circumstances which had led to the Tudor dictatorship were 
disappearinS- England at the end of Elizabeth's reign was a 
\w.fha.4 cruM-CrY She., witb. Twiw; wisfi'Ksj., b.wi 'jsyi bnr 
powers discreetly and had nnet with personal approbation. In 
politics and religion ideas of official governtnont were gaining 
ground. The Divine Right of royalty, so fervently adhered to 
by Janies 3-ud his son Gharles I, was already being displaced 
by the ide^- of a constitutional royalty dependent on the W'ill of 
the people- 

One poiuf of advantage there was in the union between the 
two kiugclotns ; they could not be at war with each other unless 
one or otper was in rebellion against the common king, nor could 
they sinudta-iieously pursue antagonistic foreign policies. Yet 
it was ndf fifty years since Scotland had broken ofi her old 
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rslations of alliance, maintained for two and a half centuries, 
with England's other most constant foe, France. 

Relations of England and Scotland. During tho,se ceiitunes 
.since Robert Bruce, Edward III had effected a tompoiary revival 
of the English suzerainty by setting Edward Balliol, son of 
John, on the throne by force of arms, but Edward in turn had 
been driven out when the project of the French war was developing 
i,T the English king’s mind. In the year of Cr6cy the young 
Scots king, David Bruce, invaded England, was taken ptisonei , 
and released only on promise of a ransom, which was never paid 
Early in the reign of Richard II, the king and his uncle John 
of Lancaster found in border raids an excuse for ravaging south 
Scotland. Hemy IV’s quarrel rvith the Percies was concerned 
with the ran.som of Scolti.sh nobles taken in a great fight on the 
border. Henry IV captuicd the Scottish crown prince in time 
of peace, on the high seas, a few weeks before his father’s death, 
which made him James I of Scotland , and the young king was 
held a piiscmer — or, at best, a hostage — in England for twenty 
years, while Scots volunteers were lighting again.st the English 
in France For the re.st of the 15th century the fighting between 
English and Scots was not on a large scale Then Henry VII 
tried to set relations on a better footing by marrying his eldcn 
daughter Margaret to James fV , yet ten years later, while 
Henry VIIT vvas fighting with France in Flanders, James invaded 
England, to perish at Flodden 
Throughout his reign Elenry made repeated attempts to 
capture James V, perhaps intending for him the late which 
Mary Queen of Scots met with at the hands of Elizabeth. 
Edward I's dream of a united kingdom was indeed a crying 
necessity for the greater prosperity of both countries, as most 
ol the abler statesmen in both had long recognized— if it could 
be etfected without subordinating the interests of the smaller 
and pooler country to those ol the larger and richer. But now 
the Scots were reconciled to the union of'erowns by the fact that, 
as it was a king of Scots who wa.s becoming king of England fay 
hereditary right, not an Engbsh king who was being forced 
upon Scotland, that country should at least be secure of fair 
play in the partnership. 

But there was another side to the picture. England, in spite 
of recurring civil discords and dynastic conflicts, had been for 
centuries the best governed of European countries ; the rule of 
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law and order had been moie consistently prevalent there than 
elsewhere Seifdom had practically disappeared, life and limb 
and property wore more secure, justice was more even-handedlj. 
administered , and England was unique in having enjoyed for a 
long time the possession of a Parliament rcprcsentalive of the 
Commons, whose assent — though it had no direct control over 
the administration — was necessary before any new law could he 
made, any old law abrogated, or any new tax levied — a Parhament 
which did not, indeed, govem, but whose goodwill no government 
could afford to dispense with continuously 

Veiy different was the case with Scotland. Of the eleven 
monaichs who had come to the throne since the death of Robert 
Bruce all but two had been minors on accession, and only t\vo 
more had lived beyond forty, except Queen Mary, who was 
deposed at twenty-six 

Stiong central government had only been possible at intervals ; 
a turbulent and factious baronage had ucvei been long held under 
control and what passed for a Parliament either was dominated 
by the barons with the strongest armed following at the moment, 
or handed over its functions to a committee of the dominant 
faction England was the most, and Scotland the least, law- 
abiding of countries James had spent his whole life in winning 
by craft more coutiol than any but two or three of his ten pre- 
decessors had ever exercised, and his conception of the rights 
and duties of kingship was based entirely on his experience as 
king of Scots, in which there was no counterpart to the new 
national spirit arising in England 

Theory ol Divine Right. In his view the law should he enforced 
on and obeyed by the subjects, but the king was by right divine 
above the law , the rights of Parliament were favours granted 
by the king’s grace, and might be overridden at the king’s will — 
though a wholesome terror of armed rebellion set the limit he 
would refrain from passing in carrying his theory into practice 
Hence it was inevitable that there would sooner or later be 
collisions between the new Scots king and the English Parliament, 
which even under Elizabeth had been restive whenever it scented 
royal encroachments on its own rights. 

The strength of Parliament lay in its power to refuse supplies 
— in other words, to make the voting of supplies conditional on 
the remedying of grievances. With a government which it 
jixusted and a policy which appealed to it, supplies were always 
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fortliconiing. With James on the throne, it neither understood 
nor trusted his policy. The country was always ready for war 
with Spain, and its dread of Roman Catholicism was raised to 
fever heat by the desperate “ Gunpowder Plot ” of a few fanatics 
for blowing up king, ministers and Parliament, in the third year 
of the reign. James wanted alliance with Spain at almost any 
price, without realizing that Spain's price was, in eltect, the 
restoration of the Roman Church in England — not merely the 
toleration which he himself desired, but which the progressive 
I’uritanism of a large number of his subjects abominated If he 
called Parliament to vote supplies, it aired its grievances and 
criticized policy instead ; and the king, in constant need of 
money, fell back upon methods of raising it which were denounced 
in I 'arliament as illegal but were declared by the judges to bo 
within the royal prerogative, The tension between crown and 
Parliament wa.s increased by the arrogance, incompetence and 
profligacy of the favourite George Villiens, whom James had made 
duke of Buckingham and intimate companion and confidant 
of the heir to the throne. James had always evaded an irrepar- 
able rupture, not without some humiliation. He died in 1625, 
leaving Charles I tlie still unsolved problem and — Buckingham. 

Birth Of the British Empire. Such honours as belong to the 
reign of James I and VI were legacies of the last reign ; half the 
literature which we call Elizabethan was actually produced after 
his accession, and it was Elizabeth’s mariners who had been 
pioneers of the maritime and oversea empire which had its actual 
beginning under James. The East India Company, incorporated 
in i6oo, leased its first trading station at Surat in ibog, Sir 
Walter Raleigh had striven in vain to create the nucleus of a 
Greater England beyond the Atlantic ; in 1607 — while he was 
eating hi.s heart out, a prisoner in the Tower, where he was kept 
until 1O16 — a settlement was made by the Virginia Company 
which survived all vicissitudes, and in 1620 the Pilgrim Fathers 
planted the first Puritan colony — also with the assent of James 
— farther north at New Plymouth. Out of Surat grew in fullness 
of time the Briti,sh Dominion in India, and out of those two 
colonies sprang the British colonial empire and the United States 
of America. When Elizabeth died, England was not in possession 
of one yard of soil outside the British Isle.s ; in the days of her 
successor, the first hereditary king of England, Scotland and 
Ireland, the British Empire was born. 
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LESSON 12 

Charles the First’s Long Duel 
with Parliament 

(Sec plate 4o) 

W HEN James died (1625) Europe was already in the throeg 
of the Thirty Years’ War, primarily a great German 
civil war within the Empire, but one in which every 
European state was sooner or later involved. England and 
France were at this time both on the brink of intervention, and 
the disastrous failure of an English expedition, in support of the 
Elp' tor Palatine, for which the blame was laid on Buckingham, 
was the last event of the reign of J ames. England had just broken 
with Spain, and Charles was on the point of marrying the French 
king’s si.ster, Henrietta Maria. Buckingham was at the height 
of his unpopularity with the people and of his favour with the 
king, who was badly in want of money for tlie war, while the 
country was in no mind to provide money merely that it might 
be mis-spent by Buckingham. So when the inevitable Parliament 
was called, it voted, fot one year and no more, a tax upon imports 
Imown as " tonnage and poundage,” which had for two centuries 
been granted to successive kings for life, though it was not one 
of the " ancient customs " to which all kings were entitled by 
statute. In Charles’s eyes, this limitation was a breach of royal 
rights established by unbroken custom. When Parliament 
followed this up by, in effect, demanding the dismissal of Buck- 
ingham, and went on to denounce the favour shown by Charles 
to members of the High Church party, whom they regarded as 
little better than Papists, Charles dissolved the Parliament, 
though it had voted only a fraction of the supplies he bad 
demanded. 

Genesis of the Struggle, j ames I had made free use of non- 
statutory methods for i:h,ising money. In the case of impositions 
or increased customs duties, he had the sanction of common law. 
Monopolies, benevolences, distraint of knighthood, commissions 
of array, all of which had been employed in moderation by the 
Tudors, were made the instruments of tyranny by James and 
Charles. Neither king denied to Parliament the power of making 
statutes or of granting supplies, but they did deny it the exclusive 
right ; they nullified the power that it had by levying impositions 
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and loatis and by issuing proclamations. In tiharlps's opinioz. 
it was the duty of the House of Commons to grant a yearly sub.sidy, 
and refusal to do so was obstructive, unconstitutioual, tmd 
rebellious. Unfortunately, he believed also that he could outwit 
Parliament by appearing to yield, afterwards returumg to the 
e.verci.se of arbitiai'y power; it is probable that ho sincerely 
held himself unfettered by promises obtained under compulsion, 
which bound him to actions not in accordance with the office of 
king a.s ha understood it 

A new Parliament was called, attacked Buckingham as a 
preliminary to discu.ssing supplies, and was dissolved, Nearly 
two years pas.sed before a third was summoned in ifi.;.?. Mean- 
while Charles, with the support of the judges, had been collecting 
tonnage and poundage as if a parliamentary grant wore 
iiniiucessary for all direct taxation ; he had tried to levy a com- 
pul.sory or forced loan, dismissed his chief justice for denouncing 
it as illegal, and impri-soned recalcitrants who refused to pay, 
without bringing any specific charge, by royal prerogative. 
Buckingham had intei-vened against the French government 
on behalf of the Huguenots at La Rochelle had personally 
led an expedition thither with disastrous results, and was burning 
to avenge hi.s defeat. 

The Petition of Right. The third Parliament was seething 
with anger when it met, and it proceeded to pa.s.s in both houses 
the Petition of Right, which required the king to govern according 
to law — quite incompatible with the Stuart idea of Divine Right 
— and forbade the levying of any ta.xe.s or loans without consent 
of Parliament. The petition is the first important statutory 
restriction of the powers of tlie crown since 1485 , Charles, putting 
on it an interpretation which was not the Parliament's, yielded 
assent after some resistance. Parliament returned to the attack 
on Buckingham and the High Church appointments, and was 
forthwith prorogued (not yet dissolved). After this the con- 
stitutional debate takes on more and more*the aspect of a religious 
controversy. 

Thomas Wentworth, hitherto a leader of the Commons, 
deserted his old colleagues and joined the king — a far more able 
upholder of his rights than Buckingham, who was assassinated 
by a roadman a few days later. 

The same Parliament met again in January (1629), fell at once 
to denouncing the continued taxation and the king's ecclesiastical 
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policy, and was dissolved. Fov the next cloven years Charier 
ruled without summoning a Parliament at all. As by pro- 
clamation he was able to make new laws and alter old ones, and 
ns he continued to collect tonnage and poundage together with 
impiosts, and enacted the customs dues and other sources ot 
revenue in .spite of the Petition ol Right, it seemed at first as 
tlioiigh he could be independent ot Parliament, the very name of 
which he hated 

Hampden and ' Ship Mone,v.’ While the ingenuity of lawyers 
revived long obsolete but technically legal methods of scraping 
some revenue together by prerogative, the most fanrous of these 
mea.siiics, known as " ship money," was at best, in the form 
adopted, of doubtltil legality. In 1634, though England had 
withdrawn from the Thirty Years’ War, the seaports and maritime 
counties were required to furnish ships for defence of the 
Commerce of the counliY against the Dutch and French navies ; 
shortly afterward.s the king demanded from the inland counties 
money to compound for tnrthei equipment of the fleet. The 
demand was in defianc of the Petition of Right and struck at 
the very existence of Parliament. The king was unwilling to 
meet his Commons in case his cherished ecclesiastical policy was 
threatened, and he submitted the legality of his case to the ' 
judges, who laid it down that the king, under the Great Seal ot 
England, can compel his subjects, when the country is in danger, 
to supply means for defence — the king to be sole judge of that 
danger. In 1637 John Hampden, a squire of Buckinghamshire, 
refused to pay, and the question was thrashed out by the twelve 
judges of the Exchequer. Seven decided for the king and five 
were for Hampden ; only two declared the tax illegal. 

So vital was this case to the position of Parliament that the 
Long Parliament passed a special act declaring the judgement 
void, to which the king gave assent in 1641. It declared the ship 
money writs to be illegal and condemned the king’s practice of 
obtaining an outside legal opinion. Statute law henceforth was 
not to be the servant of common law 

During the eleven years between the meetings of Parliament, 
however, popular resistance to the government measures con- 
tinued to be suppressed by the three arbitrary courts which were 
indeed legal, tiaving been constituted by Act of Parliament under 
the Tudors — the Courts of Star Chamber, High Commission, and 
the Council of the North— but had the power of imposing 
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arbitrary penalties. The second, an ccclc-siastical court, wag 
presided over by Archbishop Laud, and the tlrird by WentworLh, 
wlio was, in effect, viceroy in the northern counties until he wnis 
transferred to Ireland, where he ruled with an iron hand, but 
witli unprecedented success. 

Scottish National Covenant. During those years Charles was 
unconsciously sowing the wind in England, hut it was in Scotland 
that he began to reap the whirlwind. He wished to impo.se upon 
the fervently Presbyterian Scots the prelatical Englisli Churcli 
system, which to most of them was but disguised Papistry 
ron.gcqucntly, without legal machinery or authority, a National 
Covenant was drawn up and signed by high and low, pledging 
the .signatories to loyalty to the crown and resistance to all 
religious innovations not sanctioned by the General Assembly of 
tiie Kirk and lay the Scots Parliament — the English Parliament 
liaving, of course, no authority north of the border. When the 
General Assembly was elected, it practically assumed the 
sovereign authority, with popular assent. The king had no forces 
in Scotland with which to compel obedience. He threatened to do 
so with troops levied in England. The Scots organized an army 
of their own and marched to the border (1639). A very unreal 
attempt at a compromise broke down. 

Wentworth, summoned from Ireland and ili-infonned as to 
public feeling in England, advised the calling of Parliament anrl 
what he took to be the consequent easy suppression of the Scots. 
In April the Short Parliament met. only to be dissolved (against 
the advice of Wentworth, now eari of Strafford) after three 
weeks. The Scots marclied into England, not, as they said, to 
make war but to claim their natioual rights The king, finding 
himself helpless, promised to accede to their demands ; and at 
the same time he summoned a new Parliament, by the advice of 
Straftord’s jealous enemies, the court party, who knew, as 
Strafford knew himself, that his destruction, as the one strong 
man on whom Charles could loan, would Be its first aim. 

Work of the Long Parliament. In November the Long Parlia- 
ment met, and proceeded forthwith to the impeachment and 
arrest of Strafford. Soon, however, it was clear that the charge 
of treason must break down ; for the legal process of impeach- 
ment, therefore, a bill of attainder was substituted, passed by 
both houses, and presented to tlie king. There was no law under 
which Strafford could be doomed to death, but an Act of the 
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king in Parliament -would make one for the occasion.' Clianes 
did not dnre to refuse ; he signed the Act, sacrificed his champion 
to the popular hatred and the jealousy of his rivals, and thereby 
sealed his own doom. Strafford was beheaded in May (1641). 

From the moment ot Strafford’s arrest Charles had been 
powerless — at first, in the face of a virtually -unanimotis Parlia- 
ment. Bdl after bill was passed by both houses to which he wag 
forced to give the roya) assent — forbidding the extended pro- 
rogation of Parliament, or it.s dissolution without its own consent ; 
abolishing the arbitrary courts which had been the instruments 
of oppression ; abolishing ail the methods, whether technically 
legal or not, by which Chaile.s had raised money without consent 
of Parliament. But a rift on the religious question, which grew 
and grew, revealed itsell when the Puritans in the Commons 
introduced and passed a Bill for the total abolition of episcopacy 
which never reached the Lords. To resist religious oppre.ssion wati 
one thing, to attack the Church of England itself was another. 
The moderates, repelled by Puritan fanaticism, began to range 
themselves on the king's side. Then there arose an anti- 
Protestant insurrection in Ireland, which wild rumours attributed 
to the king'.s machinations. An armed force was needed in 
Ireland ; but if it were under the king's control, would he not- 
use it for the overthrow of English liberties ? The CominonB 
prepared a militia bill which would give the control not to the 
king, but to themselves ; and then they passed, against fierce 
opposition and by a majority of no more than eleven votes, a 
long resolution called the Grand Remonstrance, which was a 
detailed indictment of the Idng’s government — and including his 
foreign policy — from the beginning. The moderates had now 
been converted into steadfast royalists by the action of the 
extseinists. 

Charles saw his opportunity but misjudged the strength of hia 
supporters. Elated by the reaction, he attempted a coup (I’iial, 
coming clown to the House with a body of troops to arrest five 
leaders of the opposition. The>' had warning, and rvere not there. 
'The blow had failed, but the action set a spark to the flame of 
rebellion (Jan. 1642). A week later Charles was on his way to 
the north, and by the end of August the country was in the throes 
of the Great Civil War. 

Oiir Course in British History is continued in Volume 5. 
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LESSON 27 

Chromium Group of Metals 

T he ulements chromiiim, molybdenum, tungsten and 
uranium bear a certain chemical resemblance to sulphur, 
and are, therefore, included in group 6 of the periodic 
tabic (Vol I, p. i6o). Thus they form oxides of the type CrOj, 
which, like SOg, arc acidic in character and on solution in water 
give rise to acids such as H 2 Cr 04 (cf. H^SO,) ; the salts of these, 
acids, c.g. KjCrO,,, are in general isomorphous with — that is, 
have the .same crystalline fonn as — sulphates. In spite of this 
rt'Semhiance to sulphur, however, the elements have very 
definitely metallic properties ; thus they all form trivalent salts 
of the type Crj(SO,,)s|, which in solution ionize to give positively 
charged metallic ions. 

Of these metals, chromium is by far the most abundant ; it 
occurs principally as chromite or chrome iron ore — CrgOg.FeO — 
which is found in South Africa, Russia, the United States and 
India. Because of its inertness towards oxygen, chromium has 
recently found an extensive use for plating metals and in the 
manufacture of rustless steels. The methods of extraction 
of the metal are based on these two applications ; the ore is 
ground to a fine powder, mixed with lime and potassium carbonate 
and roasted. The lime is added merely to keep the mass porous, 
so that the oxygen of the air can bring about the necessary 
oxidation ; potassium chromate is produced according to the 
equation ; 

4Fe0.Cr20g + SICjCOg + yOg > SKgCrOg + 

+ 8COg : 

and is extracted from the residual mas? by washing with w'ater, 
On treatment with sulphuric acid, the chromate is converted 
into the dicliromate (KgCrgO,), and the resulting solution is then 
u.sed for electro-plating. 

Metallic cliromium, as required for rustless steels, etc., is 
obtained by the reduction of CrgOg by the " thermite ” or Gold- 
schmidt process. The oxide is mixed with powdered aluminium 
and a small amount of barium peroxide, and the mass ignited 
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in a large refractory clay crucible by means of a piece of magnesimn 
wire. Ill the intense heat of oxidation of the aluminium, the 
chromic oxide is reduced to the metal, which melts and collecl.s 
at the bottom of the crucible. If the crude chromite ore is taken 
the iron pre.sent form.s a slag with the alumina and is removed 
from the surface a.s a scum ; if pure Cr^Oj is required, it is ob- 
tained by the hydrolysis of potassium chromite, prepared hy 
heating the dicliroraale rvith a reducing agent. 

Chromium is an extremely hard, greyish white metal ; itg 
melting point is about i9,>o“ C., and it is almost completely 
unreactive to moist air or oxygen. It dissolves fairly readily in 
warm hydrochloric and sulphuric acids, forming chromoiis 
chloride and sulphate and liberating hydrogen and sulphur 
dioxide respectively. When chromium is added to steel an 
extremely hard and tough alloy is obtained,-; for this leasoii 
chiome steeLs are used for armour plating, high speed tools, safc.s, 
crushing mills, stainless cutlery, etc these alloys, some of which 
Contain as much as 50% of chromium can be prepared directly 
from chrome iron ores by the thermite process or by reduction 
with carbon in an electric furnace. 

Chromium is also used in plating the bright parts of motor-cars, 
bath-taps, and other metal articles ; the plating is usually carried 
out in a glass-lined tank with a lead anode and a solution of 
potassium <lichromata in dilute sulphuric acid as the electrolyte. 

Compounds of Chrornium. Cliromium exhibits three valencies 
— 2 , 3 and 6 — and forms three oxides viz. chromous oxide, 
CrO, chromic oxide or chromium sesquioxide, Cr j,Oa, and chromium 
trioxide CrO 3 Chromous oxide and hydroxide are distinctly 
basic and form a well-defined series of comparatively stable 
salts, which resemble similarly constituted divalent salts, such 
as CuClj, FeClj, and so on. In chromic oxide the basic properties 
have become very niucli weaker ; chromic salts such as CrClj, 
Crj(SOj) g tend to hydrojyse in water Moreover, in the presence 
of a strong base the sesq uioxide reacts as an acid to form chromites; 

2 KOH -V- CtjOj " KjCtjO,, -f HgO (potassium chromite) 

Chromium trioxide, like sulphur trioxide, is a strongly acidic 
oxide ; it may be considered to be the anhydride of chromic 
acid — ^HgCrO, — and leacts with bases to form chromates and 
dichromates, 
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Chroraous chloride and snlphade are prepaicd by dissolving 
the metal m hydiocliloncoi 'iulphiiiK acid , the chloiide may also 
he piepaied by heating anhydrous chtomic chloride m a stieam 
of hydrogen The anhydrous salt is colourless and dissolves 
freely in water to foim a blight blue solution When this so- 
lution IS treated ivitb caustic soda in the absence of air, a yellowish 
precipitate of chromous hydroxide is foimed , this is rapidly 
oxidi/.ed in the presence of oxygen to the (hiomic state 
Die prepaiation of chromic oxide — Ci'jOj — born chromite 
has been mentioned , it is also piepaied by dehydiating chiomic 
hych oxide or by heating animoninni dichiomate, which decom- 
poses aecording to the equation . 

(NHiiaCrjO, ■> Cr^Oj -f- Nj -f 

tlu' oxide lb set free as a voluminous green powder, and is used in 
the maiiufdctuie of certain paints and pigments 
Chromic hydroxide is precipitated as a greemsh-blue jelly 
when an alkali is added to the solution of a chromic salt. In 
the pre.sence of a strong ba.se it diasoives to form a chromite. 
Chiomic salts may be prepared in solution by dissolving the oxide 
or hydroxide in acids, or by reducing chromate or dichromate 
solutions with a reducing agent such as hydrogen sulphide or 
sulphur dioxide These solutions may be green or violet in 
colour, accordmg to the temperaiuie and the concentration — 
a phenomenon which has been shown to be due to the existence of 
different complex actions, in which the chromium is associated 
with molecules of watei and also with the acidic element or 
radical , thus : 

{CrClj,,4H30)+ 4- 2H,0 (Cr.bHjO) hh- 

green + 2CI “ violet 

Chromic sulphate is obtained in the foim of violet crystals when 
chromic hydroxide is dissolved in liof concentrated sulphuric 
acid and the solution allowed to stand With the sulphates of the 
alkali metab it foims a sene.sof double salts, whicii are analogous 
to the class of compounds known as the alums (see Vol 3, p 205). 
These salts possess a formula similar to that of the alums 
and are isomorphoiis with them, e.g. K2SOj.Cr2(SOj 3.241-120 ; 
for thi.s reason they are known as the chiomo alums The 
Dotassium salt-called potassium chi-ome alum— is prepared by 
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the reduction of potassium dichi ornate in the presence of sul- 
phuric acid, thus : 

KAsO, 4- 3SOa + ■ — V KjSO,. 

Cr.j(S04)3 • 2411^0 

Chromates and Dichromates. Chromium trioxide — CrO,— 
is precipitated in the form of scarlet needles when sulphuric 
acid is added to a concentrated solution of a dichroniatc The 
oxide is freely soluhle in water, and gives use to two series of 
salts, the chromates and the rlichroinates. The equations for 
the formation of the potassium salts are wiittcn : 

CrOg + 2KOII V -f HjO 

(chi ornate) 

aCrO^ -f 2KOH > + TLO 

(clichroinatc) 

Solutions of chromates arc yellow and slightly alkaline ; 
dichromate solutions are orange and weakly acid. Chromates 
are readily conveited into dichromatcs by the addition of an acid, 
while the addition of an alkali causes the reverse process Both 
of these substances are powerful oxiduing agents, dichromates 
being particularly strong. Thus potassium dichromate readily 
liberates chlorine from hot concentrated hydrochloric acid, 
bromine from bromides, iodine from iodides, and oxidizes sulphites 
to sulphates, hydrogen sulphide to free sulphur and ferrous 
salts to ferric salts. The powerful oxidizing properties of these 
compounds are due to the readiness with which chromium 
changes its valence from 6 to 3, according to the equation 

2CrO, ^ CtjO, -p 31') 

Since, in acid solution, potassium dicliromate contains two 
molecules of CrOj, it liberates three atoms of oxygen which are 
available for oxidation. This may be written : 

ICjCr^O^ "■ ■■ "> -f- Cr^O^ -f- 3O 

which is the basis of the use of this salt in the titration of ferrous 
iron. Barium (yellow), lead (yellow), and silver (brick-red) 
chromates are all insoluble in water, and they are accordingly 
used as a means of detecting the.se metals in qualitative analysis. 
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Molylidenum, Tungsten and Uianiui-n. Molybdenum has 
found an important use during recent years m the manufacture 
of alloy steels winch are extremely liaid and retain then temper 
eien after heating to a high tcmpciatuie For this reason they 
are used for high speed cutting tools, i ille bands, etc The metal 
IS obtained from its oxide either by the Goldschmidt process oi 
by leduction m an electiic furnace 
I he most important salts of molybdenum arc the molybdates, 
obtained by dissoKiiig the tuoxide (MoO,) in alkalis (cf chro 
iihitts) Aminomiini molybdate gives with a solution of a 
phosphate a canary-yellorv precipitite of ammonium phospho- 
iiiolybd.ite aiid is used m qualitntne analysis for the detection 
of phosphates 

liuigdeii occuis as sclieclite (CaWO.,) and wolframite 
(1 eV/Oj) the ore is converted into the tuoxide (WO,) by 
roasting with sodium carbonate and ti eating the resultant 
sodium tungstate with an acid The tnoxidc may then be 
reduced to the metal in the same maniiei as molybdenum 
luiigsten IS also widely used in the manufactuie ol tool 
steels, and, because ol its high melting-point, it is now finding 
an extremely important use m the filaments of electric lamps 
and amplifying valves as used in wireless 
Uranium, not found native, but in pitch-blende, has the 
greatest atomic weight of all the elements it foims a number of 
quadrivalent salts — corresponding to the oxide UOj — and also 
a number of uranyl salts, produced when the amphoteric trioxide 
dissolves m acids The radioactive properties exhibited by 
uranium salts will be discussed m a later Lesson 

LESSON 28 

Manganese and Iron in Chemistry 
and Industry 

T he metal manganese occurs in group 7 of the periodic 
table (vol i, p 160), and might, theiufoie, be expected to 
show a chemical resemblance to the halogens, chlorine, 
biomme and iodine, which are also members of this group 
Actually this similarity exists only between compounds of the 
typical group oxide — MiijO, , thus manganese heptoxide — the 
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anhydi'ide of pennatigaiiic acid (HMnO,) — gives rise to a series 
of salts called pennHiiganates, which are isoinorplious with 
perchlorates (salts of C4O, and HClO<). In its lower stages of 
oxidation, mangaiieso lesomhles the metals of corresponding 
valence , for example, manganous sulphate (MnSO^) leacts 
chemically in a similar manner to zinc sulphate and nickel 
sulphate 

Manganese in Metallurgy. Manganese occurs fairly widely 
distributed m Nature, u.sually in the form of pyrolusite (MnOj), 
The extraction of the metal from the ore is a matter of some 
difficulty, and a.s its use in industry depends largely on the pro- 
duction of an alloy with iron, the crude manganese ore is mixed 
W'llh noil ores and reduced in a blast furnace in the ordinary 
way The pure metal cau be prepared by the Goldschmidt 
process. 

When alloyed with steel, manganese possesses the remarkable 
piopcrty of destroying its magnetic qualities ; steel containing 
about 12 per cent of manganese — called ferro-mangane.se — is 
completely non-magnetic, and is used in the construction of 
pottions of ships which are near the magnetic compass. Mangan- 
ese steel is also very tough and strong and, unlike unalloyed steel, 
It does not lose its temper — that is, it does not become hard 
and brittle — when heated and quenched For this reason it is 
used for bends and junctions of tram and train rails, which are 
subject to excessively hard wear. It is also used lor making 
safes and for crushing machinery, and it was employed in the 
Great War for steel helmets 

Oxides and Compounds of Manganese. Manganese forms 
seven oxides, of which the most important are manganous oxide 
(MiiO) and manganese dioxide (MnOj). Manganous oxide, 
prepared in the form of a greyish-green powder by heating the 
hydroxide or carbonate, is basic in character and reacts with 
acids to form .stable manganous salts. These are pmk in colour 
and, when treated with a solution of a caustic alkali, give a colour- 
less precipitate of manganous hydroxide, which rapidly darkens 
in the presence of oxygen owing to the formation of the higher 
oxides Mauganase dioxide — dark brown or black m colour — 
is oiitamcd when a manganous salt is oxidized or when a per- 
manganate is reduced in alkaline solution with hydrogen peroxide 
or a manganous salt (a method which is used as a means of 
estimating manganese) The dioxide is practically insoluble in 
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water, but with strong acids it reacts as a weak base to form 
unstable quadrivalent salts, which decompose on wanning to 
give a manganous salt and either oxygen or an oxidation product 
of the acid used (compare the preparation of chlorine). Man- 
ganese dioxide acts as a catalyst in many reactions in which 
oxygen is produced, e.g. in the decomposition of potassium 
chlorate and also of hydrogen peroxide. 

With strong ba,ses, manganese dioxide reacts as a weak acid ; 
when fu.sed with potassium hydroxide or carbonate in the presence 
of air or of an oxidizing agent, such as potassium nitrate, it forms 
a dark green mass of potassium manganate, according to the 
equation ; 

2MnOj-f-4KOH -f-Oj 3 »- zKjjMnOj -f-zHaO 

Maiigiinales, which are salts of the unstable acidic oxide (MnOj), 
iUB stable in the presence of an alkali, but in neutral or acid 
solution they tend to hydrolyse, forming a black deposit of MiiO 
and a purple solution of permanganate, thus : 

3KaMn0,+2H20 2KMnO,+Mn02-f4KOH 

Permanganates — safts of the strongfy acicffc oxide, MUjO, — 
are prepared by the oxidation of manganates with chlorine or 
at the anode in electrolysis The equation in the case of the 
potassium salt is 

aKjMuO^ +Clj zKMnOi -I-2KCI 

Potassium permanganate, which crystallizes in the form of dark 
purple crystals, is a very important compound. Because of the 
readiness with which it parts with oxygen, it is a powerful Oxirliz- 
ing agent ; when heated alone, it decomposes freely at tempera- 
tures above 240° C., giving oxygen and MnOj. In solution it is 
u.sed in volumetric analysis for the estimation of solutions con- 
taining reducing agents such as sulphurous acid, sulphites, 
fenous salts, oxalic acid and oxalates. Owing to its intense 
purple colour and also to the fact tbat«in these reactions it is 
reduced to colourless manganous salts, no indicator is required 
in permanganate titrations. As a rule the permanganate is 
titrated into an ucid solunon (containing sulphuric acid) of the 
reducing substance ; the basis of the reaction is then given by 
tlie equation 

MnaO, >. 2Mn0 4-50 ; 

that is, a molecules of KMnOj liberate g atoms of oxygen for 
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oxidation" purposes. In alkaliyie solution the reaction follows 
another course, nianganeae dioxide being precipitated according 
to the equation 

Mii.jO, > 2Mn02+30; 

two molecules of permanganate iir this case liberate 3 atoms of 


oxygen. 

Potassium permanganate is also largely used tar bkaching 
and for its anti.seplic propertie.s 

Iron Ores and their Extraction. Iron is by far the most important 
metal of modern times. In fact the world today may properly 
he said to be still passing through the '' iron age,” which had its 

beginning, so far as the 

Mediterranean basin is con- 
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cenied, about 1000 b.c. — 
about the time of King 
Solomon. With the ex- 
ception of aluniininm, iron 
is also the most abundant 
metal, and because it can 
be obtained cheaply and 
with mucfi greater ease than 
aluminium, it is incom- 
parably the more useful, 
Moreover, it posse.sses an 
enormous range of qualities; 
by slight differences in 
treatment and the addition 
of small amounts of other 
elements, it can be made 
or .soft, brittle or 
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BLAST FURNACE. Fig. 1, Ore, mixed with tough, magnetic or nou- 
cote and Umeslrrae, ui fed li at Itic top, and rnagnetic, elastic or non- 
molten metal and slag drawn off at the bottom. ” 

The bigh temperalurc necessary is maintained elastic, and so on. 
by n,e.nns of a bol ai, blast 


most important elements of the body ; it is an essential 
constituent of the haemoglobin contained in the red cor- 
pti-scles, and is present in many of the body proteins and in 
such foods as shell-fish, eggs, fruit, meat and, particularly, liver. 
A deficiency of iron in the body loads to a lacU of red corpuscles, 
which may ultimately result in anaemia. 

Iron occurs chiefly as oxide, carbonate and sulphide. The 


( aoo ) 



MANGANESE AND IRON 

more important oxide ores are magnetite, FejO^ , haematite, 
FejOj ; and limonite. a hydrated Fe^O, The sulphide, FeSj, 
is abundant, but, owing to the difficulty in removing the sulphur, 
has little commercial value. 

The first stage of the extraction of the metal is to mix the ore 
with coke and limestone and roast it .strongly in a blast furnace, 
as shown in Fig i. This is a fire brick tower, generally about 
loo feet in height and 25 feet across at its widest part the ore is 
fed in at the top and the hot air required for the combustion is 
led ill near the bottom through pipes called " tuyeres.” The 
essential reactions in the funiace are, first, the formation of 
carbon monoxide from the coke and air-blasi at the bottom, and 
then the reduction of the ore according to the equation 

Fe20a-h3CO ■> 2Fe+3COj 

Fig. 2 . The large amount of heat evolved in the for- 
mation of the carbon monoxide is sulficient 
to melt the iron, which collects at the base of 
the furnace and is run off at intervals into 
moulds. Iron procfuced in this way is called 
” pig ” or cast iron. The lime of the lime- 
, stone combines with impurities such as silica, 
alumina (clay), and phosphorus to form a 
liquid slag, and this slag collects on the sur- 
face of the molten metal 

Wrought Iron and Steel. 
Cast iron contains about 3 to 
4 per cent of carbon, and is 
too brittle to be worked easily. 
Originally it was converted 
into a much purer form, called 
wrought iron (containing about 
0-2 per cent of carbon) by 
the laborious ” puddling” 
process, in which most of 
the carbon was first burnt 
out in a reverbei atory furnace 
and the remaining impurities 
removed in the form of slag by 
hammering the balls of plastic 
metal with a steam hammer. 
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serner converter, for the conversion of 
pig-lron into bteel ; impurities are burnt off 
fay a blast blown thiough the molten metal 
tiff. 3. Siemens open hearth steel furnace. 
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The wrought iron was then re-heated witli the amount of carbon 
noijossaiy to give a steo! of the lequired texture, This method 
of rnaldng steel gave way in 1855 to the Bessemer process, in 
which the molten iron fiom the blast furnace is run straight into 
a pear-shaped iron vessel called a “ converter ” (Fig. 2) and the 
carbon and other impurities are burnt off in the form of oxides hy 
a blast of air blown through the liquid metal When the impuri- 
ties are removed a definite amount of cast iron containing carbon 
and manganese is added to produce steel of the required com- 
position. The converter is often lined with bucks made of lime 
and magnesium carbonate and the phosphorus wliicli the iron 
contains is converted into phosphates in the form of a .slag, 
which is sold as fertilizer under the name “ basic slag," 

Cast iron is bcnneiimcs converted into .steel by the Siemens 
open-iiearth process. Fig. 3, which is much slower than the 
Bessemer, but give.s a much more uniform product. 

Steel contain.s amounts of carbon varying from 0.2 (mild steel) 
to X'5 (hard tool steel) percent ; medium steel, used in structural 
work, contains about 0.5 per cent. The quality of steel is also 
considerably affected by the process of tempering ; the steel is 
heated to temperatures up to about 300° C. and cooled very 
gently. In general, the higher Hit- temperature, the softer is 
the resulluig metal. When steel is heated to redness and cooled 
suddenly by being plunged into cold water, it becomes so hard 
that it will scratch glass. The addition of chromium (to form 
rustless steels), manganese (ferro-nianganesc) and moke) (nickel 
steels) is dealt with in the Le.ssons on these metals. 

LESSON 29 

Iron Compounds and Associated Metals 

I RON dissolves readily in dilute hydrochloric and sulphuric 
acids, liberating hydrogen and forming the ferrous salt. 
Concentrated nitric acid renders the metal unreactive, or, 
as it is called, passive, presumably owing to the formation of a 
film of oxide, which can be removed by scratching or by the 
action of a reducing agent. 

Iron is not attacked by pure water, but in the presence of moist 
air containing carbon dioxide it is rapidly corroded with the forma- 
tion of a loosely attached porous mass of hydrated oxide — 
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FejOj-HjO — called iron rust. If the air and water are completely 
freed from carbon dioxide, no rusting takes place ; the mechanism 
ot the process is by no means clear, hut it seems probable that it 
is due first to the formation of an acid carbonate, which subse- 
quently decomposes to form the hydrated oxide. 

Iron form.s three oxides : ferrous (FeO), ferric (FCjOg) and 
lerroso-iernc {Fefi,,), which is also called magnetic iron oxide or 
magnetite. Ferrous oxide is fairly strongly basic and gives rise 
to a well-defined series of salts of which ferrous sulphate is perhaps 
the most important. It is obtained as light green crystals, 
sometimes called green vitriol, having the lormula FeS0.j.7H20, 
when iron i,s dissolved in dilute sulphuric acid and the resulting 
solution evaporated. Ferrous sulphate is used as a mordant 
in the dye industry and also in the manufacture of inks ; when 
added to the extract of nut galls, which contains tannic acid, it is 
converfed into ferrous tannate. This substance is soluble in 
water and colourless, but on exposure to air it is oxidized to ferric 
tannate, which is insoluble in water and forms a fine black 
precipitate. Gum arabic is usually added to the ink to make 
it adhesive, and a little blue-black dye to make the writing visible 
before oxidation. 

On exposure to air or on treatment with an oxidizing agent, 
ferrous salts are converted into ferric salts, Ferric oxide — 
FejOj— occurs naturally as haematite, limonite and specular 
iron ore. It is formed by roasting ferrous sulphate or ferric 
hydroxide in air. As is to be expected from the increased oxygen 
content, it is a much weaker base than ferrous oxide, and ferric 
salts are appreciably hydrolysed in water. Thus, in the case of 
the chloride, this reaction takes place ; FeClg -|- 3HOH 
Fe(OH)3 -f 3HCI, and can readily be shown by the process of 
ciialysis {see Lesson 8, Vol. i, p. 173). The hydrochloric acid passes 
through the parchment paper, leaving a colloidal solution of 
ferric hydro,xide. Wlien an alkali is added to the solution of a 
ferric salt, a flocculent reddish-brown precipitate of ferric 
hydroxide is formed. 

L'erroso-fernc oxide is formed when iron is heated to redness 
in the presence of air or steam , the reaction in the latter case is 
written 3Fe-f-4H20 ^ +4113. This oxide has magnetic 

properties— -hence its name, magnetite — and reacts chemically 
as if it were a mixed oxide, having the formula FeO.FcjOj. 
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Prussian Blue. Wlicn j7ot<nsuini cyanide solution is added to 
the solution of a ferrous salt, ferrous cyanide is at first precipitated 
but this giadually dissolves in excess of the potassium salt, to 
give finally a solution of potassium ferrocyanide ; the equation 
is written 

Fe(CN)2 +4KCN=K,Fe(CN)„, 

Potassium tcrrocyauide is a yellow, crystalline solid, which, 
unlike potassium cyanide, is non-poisonous With a solution of 
a feme salt, it gives an intense dark blue precipitate, which is 
called Prussian blue and has the formula Fe^(Fe(CN') j),. 

If. on the other hand, potassium cyanide is added in exces.s to 
tiie .solution of a ferric salt, potassium fen'icyanide is formed. 
This salt, which crystalli/cs as red pri.sms, has the formula 
K.,Fe(CN) j , when added to a solution of a ferrous salt, potassium 
feiricyanide gives a dark blue precipitate, which is another form 
of Pru.ssian blue These two reactions are used as distinguishing 
tests for ferrous and Icriic iron in soUition A solution of a feinc 
salt also reacts with a thiocyanate to produce a vivid red colour, 
a reaction which is used as a means of detecting feriie iron. 

Cobalt and Nickel. Cobalt and nickel are associated with iron 
in. what is called group 8 of the periodic table. The elements of 
this group occur in groups of three, which have comparable 
atomic weights, e.g. Fe (55 84), Co (58 94), Ni (58 69) ; they arc 
called transition elements bccau.se they budge the gap between 
the elements on the left hand of the table (Lesson 4, Volume i, 
page 160), which belong to sub-groups A, and those on the right 
side, which belong to sub-groups B. 

Cobalt and nickel occur together in Nature, usually in the form 
of sulphide or arsenide Cobalt ores are first converted to oxide 
by roasting in air and then reduced to metal by the Goldschmidt 
process or by heating with carbon. Nickel ores, which usually 
contain iron and copper, are roasted in a blast or reverberatory 
furnace to remove arsOTic, and then transferred to a converter 
similar to that used in the Bessemer steel process Most of the 
iron, present as impurity, is converted into slag, and the re.sulting 
mixture of nickel and copper sulphides is roasted to oxide and 
refined either by fusion with coal and sodium sulphate or by the 
Mond carbonyl process {see Lesson. 20, Volume 2, page 151). 

Both metals are silver-white in appearance and resemble iron 
in density, melting-p'oiut and magnetic properties. They are. 
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however, much more rcsibtaiil lo coirosiou, and for this reason 
have found iniporUuiL industrial uses in the preparation of non- 
corrudibtc alloys and in plating copper and iron vessels. The 
addition of nickel to steel give.s alloy.s of great strength and 
varying degrees of elasticity. Steel containing 35 per cent of 
nickel, a little carbon and manganese is calieii invar, and does 
not show any appreciable expansion or change in elasticity when 
heated. Platinite, a steel alloy containing about 43 per cent of 
nickel, has almost the same thermal coefficient of expansion as 
glass, and is used for sealing leads into electric light bulbs and 
wireless valves. Nickel is also alloyed with chromium and with 
copitor in the production of monel metal (Ni 60 per cent, Cu 
35 per cent, Fo 5 per cent) and of German silver (Ni 2.5 per cent, 
Cu 55 percent, Zn 2o per cent). The use of finely-divided nickel 
a.sa cataiyst has been mentioned (Lesson 15, Volume z, page 127); 
this was first discovered by Sabatier and Senderens, who found 
that when iiydrogen and the oxides of carbon were passed over 
hot catalytic nickel, methane and water are formed. 

Compounds of Cobalt and Nickel. These metals fom several 
series of compounds, of which the divalent ones, corresponding 
to the oxides, CoO (cobaltous) and NiO (nickelous), are the mo.st 
important. Both oxides are formed by the action of heat on the 
hydro.xide or carbonate, and dissolve in mineral acids to form 
the appropriate salt. Cobalt salts are generally pink, an 
exception being cobalt hydroxide, Co(OH)2, which is formed as 
a blue precipitate when a caustic alkali is added to a cobaltous 
solution. On boiling, the hydroxide becomes piirk, presumably 
owing to a change in the degree of hydration. Nickel salts are 
generally green, and on treatment in solution with a caustic 
alkali give an apple-green precipitate of nickelous hydroxide. 

When sulphuretted hydrogen is passed into a solution of a 
cobalt or a nickel salt which has been made alkaline with 
ammonia, finely divided black precipitates of the .sulphide.s are 
formed. These sulphides are insoluble Sn dilute acids, though, 
curiously enough, they are not precipitated if the solutions are 
first made slightly acid. The most probable explanation is that 
there are two modifications of the sulphides, the less stable being 
soluble in acid. 

Platinum Metals. Two other triads of elements (cf. Fe, Ni 
and Co) occur in group 8 of the periodic table, namely ruthenium, 
rhodium and palladium, which form the bridge between the A 
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Prussian Blue. When polatisiun) cyanids solution is added to 
the solution of a ferrous salt, ferrous cyanide is at first precipitated 
but this gradually <lissolves in excess of the potassium salt, to 
give finally a solution of potassium ferrocyanide ; the equation 
is written 

Fe(CN] 2 +4KCN= K,Fe(CN)„, 

Potassium ferrocyanide is a yellow, crystalline solid, which, 
unlike potassium cyanide, is non -poisonous. With a solution oi 
a ferric salt, it gives an intense dark blue precipitate, whicli is 
called Piussian blue and has the formula Fc,i{Fe(CN)„),. 

If, on the oilier hand, potassium cyanide is added in excess to 
the .solution of a ferric salt, potas.siuni ferricyanide is formed. 
This salt, which crystallizes as red prisms, has the formula 
KjFa(CN) j , when added to a solution of a ferrous salt, potassium 
ferrieyanido gives a dark blue precipitate, which is another form 
of Prussian blue. These two reactions are used as distinguishing 
tests for ferrous and ferric iron in solution. A. solution of a ferric 
salt also reacts with a thiocyanate to produce a vivid red colour, 
a reaction which is used as a means of detecting ferric iron. 

Cobalt and Nickel. Cobalt and nickel are associated with iron 
in what is called group 8 of the periodic table. The elements of 
this group occur in groups of three, which have comparable 
atomic Weights, e.g. Fe (55.84), Co (58.94), Ni (58 69) ; they are 
called transition elements because they bridge the gap between 
the elements on the left hand of the table (Lesson 4, Volume i, 
page 160), whicli belong to sub-groups A, and those on the right 
side, which belong to sub-,groups B. 

Cobalt and nickel occur together in Nature, usually in the form 
of sulphide or arsenide. Cotialt ores are first converted to oxide 
by roa.sting in air and then reduced to metal by the Goldschmidt 
proces.s or by heating with carbon. Nickel ores, which usually 
contain iron and copper, are roasted in a blast or reverberatory 
furnace to remove arsenic, and then transferred to a converter 
similar to that used in the Bessemer steel process. Most of the 
iron, present as impurity, is converted into slag, and the resulting 
mixture of nickel and copper sulphides is roasted to oxide and 
refinwi either by fusion with coal and sodium sulphate or by the 
Mond carbonyl process {sfe Leason 20, Volume 2, page 151). 

Both metals are silver-white in appearance and resemble iron 
in density, melting-]ioiiit and magnetic properliesi They are, 
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however, much tnore resistant to corrosion, and for this reason 
iiiive found important industrial uses in the preparation of non- 
cfjrrodihlc alloys and in plating copper and iron vessels. The 
addition of nickel to steel give.s alloy.s of great strength and 
varying degrees of elasticity. Steel containing 35 per cent of 
nickel, a little carbon and manganese is called invar, and dues 
not show any appreciable expansion or change in ela.sticity when 
healed. Platinite, a steel alloy containing about 45 per cent of 
nickel, has almost the same thermal coetheient of expansion as 
glass, and is used foi' sealing leads into electric light bulbs and 
wireless valves. Nickel is also alloyed with chromium and with 
copper in the production of monel metal (Ni 60 per cent, Cu 
35 per cent, Fo 5 per cent) and of German silver (Ni 25 per cent, 
Cu 55 per cent, Zn 20 per cent). The use of finely-divided nickel 
a.s a catalyst has been mentioned (Lesson 15, Volume a, page 1 27); 
this was first discovered by Sabatier and Senderens, who found 
tliat when hydrogen and the oxides of carbon were passed over 
hot catalytic nickel, methane and water are formed. 

Compounds of Cobalt and Nickel. These metals form several 
series of compounds, of which the divalent ones, corresponding 
to the oxides, CoO (cobaltous) and NiO (nickelous), are the most 
important. Both oxides are formed by the action of heat on the 
hydroxide or carbonate, and dissolve in mineral acids to form 
the appropriate salt. Cobalt salts are generally pink, an 
exception being cobalt hydroxide, Co(OH)j, which is formed as 
a blue precipitate when a caustic alkali is added to a cobaltous 
solution. On boiling, the hydroxide becomes pink, presumably 
owing to a change in the degree of hydration. Nickel salts are 
generally green, and on treatment in solution with a caustic 
alkali give an apple-green precipitate of nickelous hydroxide. 

When sulphuretted hydrogen is passed into a solution of a 
cobalt or a nickel salt which has been made alkaline with 
ammonia, finely divided black precipitates of the sulphide.s are 
formed. These sulphides are insoluble *01 dilute acids, though, 
curiously enough, they are not precipitated if the solutions are 
first made slightly acid. The most probable explanation is that 
there are two modifications of the sulphides, the less stable being 
soluble in acid. 

Platinum Metals. Two other triads of elements (cf. Fe, Ni 
and Co) occur in group 8 of the periodic table, namely ruthenium, 
rhodium and palladium, which form the bridge between the A 
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and B sub-groups of the second long period, and o.smium, iridium 
and platinum, which are the tran.sition elements of the third long 
period. All of these metals are comparatively rare, and because 
they are unreactive and occur in the free sLate in Nature, they 
belong to the class called the " noble " metals. Palladium 
iridiuin and platinum are the most important. 

Palladium diflers from the other two in that it dissolves fairly 
reiulily in nitric and strong sulphuric acids All three metals 
dissolve in aqua regia (3 parts of HCl to i of UNO 3 ), and if this 
solution i.s gently heated with hydrochloric acid until all the 
nitric acid i.s expelled, the quadrivalent chloride of the metal is 
obtained. Thc.se chlorides ara comparatively mist, able, but if 
recrystallized from a solution containing ammonium chioridD, 
they form a stable complex salt of tlie typo (NH,)jPtCl 5 , am- 
monium chloroplatinate, which is the salt of chloroplatinic acid 
(H,^PtCl„). When heated, this salt decomposes, giving first 
platinum chloride and ammonium chloride and, finally, with 
strongei heating, finely-divided platinum. Platinum, especially 
when in a fine state at subdivision, is a powerfui catalyst; the 
activity of colloidal platinum and the use of platinized asbestos 
in the catalytic preparation of sulphuric acidhave been mentioned, 
In the latter case the catalyst is prepared by heating asbestos 
whicli has been soaked in a solution of chloroplatinic acid. 

Because of its rarity and resistance to corrosion, platinum is 
selected as a setting for jewelry. Its thermal coefficient of 
expansion is almost exactly the same as that of glass, and it 
finds an important use as a means of sealing metal leads into 
electric light bulbs. 


LESSON 30 

Penetrating the Atom’s Secrets 

(See plate 4tl 

T he quantitative laws of chemical combination are based 
on the assumption, put forward by John Dalton, that 
all matter is composed of minute, indestructible particles 
called atoms. For a long time it was believed that these atoms 
could not be further .subdivided — ^the word " atom ” means 
indivisible— -and that the eighty or so difierent atoms which 
constituted the then known elements were completely unique 
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and had nothing in common with one another. The first 
suggestion that this was not so came from the English chemist 
Prout, who put forw-arcl the theory, shortly after Dalton’s 
hypothesis, that hydrogen atoms were the fundamental oiie.s, and 
that the atoms ot the heavier elements were aggi'egate-s of mmibers 
of hydrogen atoms. It was found, however, that the atomic 
weights ol many elements were not integral multiples of the 
weight of the hydrogen atom, so the Prout hypothesis had to be 
given up. A.s will be seen later, however, it has recently come 
into its own, though the situation is rather more complicated than 
Prout anticipated. But although the indivisible atom proved 
.suflicient for the purposes of Ihe chemist, it did not satisfy the 
phy.sicist ; and as a result of a remarkable series of discoveries 
towards the close of the nineteenth century, it was definitely 
proved that the atoms themselves are composed of even more 
minute particles, called electrons and protons. These dis- 
coveries resulted from two particular lines of research — the 
search for the atom of electricity, which led to the isolation of the 
electron, and the investigations into the phenomenon of radio- 
active disintegration which led ultimately to the theory of the 
nuclear atom 

Cathode Rays. The first suspicion that there might be an atom 
of electricity arose from P'araday’s experiments on the electrolysis 
of salt solutions. It was found that if a given amount of 
electricity is passed through solutions of the salts of univalent 
metals, the amounts of metals deposited are proportional to the 
atomic weights — that is, the weight of the atoms — of these 
metals. Moreover, the amount of electricity required to deposit 
the atomic weight of a divalent metal is twice that required for 
the atomic weight of a univalent metal, that for a trivalent 
metal three times, and so on. This suggested that in electrolysis 
the atoms are accompanied by a unit of electricity or some 
integral multiple of this unit. In solutions, however, it was not 
possible to isolate this unit of charge frotn the atoms with which 
it was associated, so its properties could not he properly in- 
vestigated. The actual proof of its independent existence did 
not, therefore, appear until the examination of the passage of 
electricity through gases 

At ordinary pressures all gases are relatively poor conductors 
of electricity ; for example, it requires about 30,000 volts to 
break the insulation of an inch of air. If, however, air contained 
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in a vacuum tube, as shown m Fig r, is exhausted to a pressure of 
about i/ioooth of an atmosphere (about imm), it not only 
becomes a good conductor but also begins to glow with a b: ilhant 
pink lummosity As the piessute in the tube is further decreased, 

the appeal ance of the 
discharge goes 
through a variety of 
changes At first a 
dark space appears 
near the cathode (the 
negative olectiode), 
and gradually spieads 
along the tube, until, 
when the pressure is 
only a few hundred 
thousandths of an 
atmospheie (about 
sludow-producins cross c, d, shadow o oj jnjn ), the glow 

within the tube has become very faint At this point the glass 
walls opposite the cathode begin to glow with a greeiiish 
fluorescence, and by puttmg into the tube some substance which 
casts a shadow, it can be leadily shown that the fluorescence is 
caused by something which is being shot out from the cathode 
These “ cathode rays,” as they were called, were first observed 
by Sir William Crookes (1886), who suggested that they were 
merely streams of 
negatively-charged par- 
ticles This was later 
proved to be the case 
by the experiments of 
Lenaxd and Sir J J. 

Thomson, who showed 
that a beam of 




OATHOnE RAYS. FiJ. 1. Vicuiim lube tor the 
detcclion of cathode rays a, cithode, b, anode and 


cathode rays can be oefleotion of cathode particles. Fig. a. 

(Ipflppfp/l from T f o The beam of particles shot out from the cathode C 
ucnectea t r o m its through slots In the anode A, and under the 

course either by the aid influence of the imgnetic or electric field at M 
. / describes the curved path shown 

Oi a magnet or by means 

of the electric field between the charged plates of a condenser 


(Fig 2). 

Electron Velocity. From measurements of the deviations caused 
tel tins way by magnetic and electric fields. Sir J. J. Thomson 
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was able to estimate the velocity and also the ratio 
e/m between the charge e and the mass m of the particles. The 
velocity varies with the potential at the cathode, and may he as 
great as 50,000 kms. per second (about 30,000 miles per second, 
or ,(th of the velocity of light) ; the ratio e/m always has the same 
value, irrespective of the nature of the metal at the cathode or of 
the gas in the tube, and, according to the best measurements, is 
1,835 times greater than the ratio of charge to mass for the 
hydrogen ion during electrolysis. If it is assumed, therefore, 
that 0 is the elementary amount of electricity associated with 
the hydrogen ion in electrolysis — viz, 4-77 x electrostatic 

units — then the mass of the cathode particles is 1/1835 of the mass 
of the hydrogen atom. These values of e and m have been 
conlinued by many independent mea.surcmcnts, those of the 
American physicist Millikan, to whom the best value ol e is due, 
being especially noteworthy. Millikan’s value was obtained 
from an investigation of the motion under the influence of an 
electric field of tiny oil droplets, which were allowed to pick up 
charges from electrified cathode particles. 

It has now been shown that these negatively-chargccl particles 
can be obtained in a great variety of ways ; for example, when a 
metal is heated to redness, as in a wireless valve, when X-rays 
or ultra-violet light are allowed to fall upon substances, or, as 
v/ill be seen later, during the process of radioactive disintegration. 
But from whatever source they are obtained, they always have 
the same mass and charge ; it is logical to assume, therefore, 
a.s Sir J. J. Thomson did. that they are free atom.s of negative 
electricity, and, moreover, are a universal constituent common to 
all atoms. They are callerl " electrons.” 

X-Rays. One extremely important discovery which resulted 
from the phenomenon of catliode rayswas the discovery of X-rays. 
The.se very penetrating rays — sometimes called Rontgen rays, 
in honour of their discoverer (1895) — are emitted when a stream 
of electrons meets the glass wall of the'tube or a piece of metal 
placed diagonally in its path. Every X-ray tube used in hospitals, 
etc., consists essentially in a piece of metal, called the anti- 
cathode, bombarded in a highly evacuated tube by very swift 
electrons (Fig. 3, Plate 41). Like cathode rays, X-rays excite 
fluorescence of various substances, cause ionization and also 
aftect a photographic plate. Unlike cathode rays, however, they 
are not deflected by a magnetic field, and so are not electrically- 
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charged particles ; because oi their treinendous penetrating 
power — they pass through thin layers of metal with great ease— 
and of the fact that they cannot be reflected, refracted or dif- 
fracted, it must be assumed that they are of much shorter wave- 
length than the most extreme ultra-violet rays F.xpiessed in 
Angstiom units — the units of wave-length — X-rays have an 
average length of lA.U, as compared with 2,oqo a U for 
very short ultra-violet light and about 5,500 A.U. for visible 
yellow light 

The Proton and Ionization. The discovery of the atom of 
negative electricity led to the search for the atom of pure positive 
elcctiicity Since atoms are, in general, electrically neutral, the 
removal of one or moie negatively-chaiged electrons might be 
expected to leave a positivcly-chaigcd lesiduc. This was actually 
shown to be the case by the German scientist Goldstein (i886i, 
who demonstrated the existence in a vacuum tube of streams of 
positively-charged particles which were shot along the tube 
in the opposite direction to the cathode rays. In order to 
separate the " positive lays,” Goldstein allowed them to pa5.s 
through canals cut in the cathode ; for this reason they are 
sometimes called ” canal rays ” Measurements of the deflection 
caused by the influence of magnetic and electric fields earned out 
by Sir J. J, Thomson, Aston and others have shown that the 
velocity of positive particles is, in general, much less than that of 
electrons— it is of the order of a few hundred kms. per second ; 
moreover the ratio of charge to mass is about the same as in 
electrolysis, that is about i/2oooth as much as in the case of the 
electron. It must be assumed therefore, that these positively- 
charged particles are some thousands of times heavier than the 
electron, and, in fact, are merely atoms of matter having a 
positive charge. 

Particles produced in this way are called " ions ” ; the process 
of ionization, therefore, consists merely in knocking out one or 
more electrons from the atom and leaving behind the relatively 
heavy positive ion containing the rest of the atom. Ionization 
may be caused by high electrical potentials, by swift particles, 
such as the electrons themselves, or by energy-rich ray.s, such as 
X-rays or ultra-violet light. 

Since the hydrogen atom is the lightest known, it is generally 
believed that the hydrogen ion is the smallest positively-charged 
particle. It is called the proton, and has been shown to be one 
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of t!i0 fundamental briclrs in the. structure of all atoms |the other 
being the electron). The discovery of the electron and the 
proton led at once to the modem theories of the structure of 
the atom, based largely on the phenomenon of radioactivity. 
In 1932 some experiments carried out at the Cavendish Labora- 
tory at Cambridge confirmed the existence of a positively-charged 
particle having the same mass as the electron, and known as the 
pcKitron. The positron is always accompanied by an electron, 
and is only a product of bombardment, not a part of the atomic 
structure. That year Chadwick discovered the neutron, a 
particle with mass but no charge. The union of two protons 
with two neutron.s yields an a-particJe This will be dealt with 
in our next lesson. 


LESSON 31 

Radium and Radioactivity 

T he study of the discharge of electricity through gases 
resulted in the discovery of three kinds of radiation ; 
these arc : cathode rays, which were proved to be due to 
electrons ; positive rays, due to positively-ebarged ions ; and 
X-rays, which are set up when cathode rays are reflected from some 
hard surface. All three of these rays possess the common 
properties of affecting a photographic plate, exciting fluorescence 
and ionizing gases through which they pass. 

In 1896 Henri Becquerel noticed that crystals of uranium 
compounds, even without the excitation caused by an electric 
discharge, continually emitted rays which had similar effects to 
those obtained by means of a vacuum tube. He found, for 
example, that a photographic plate, even though well wrapped 
in black, light-proof paper, was extremely sensitive to the presence 
of a small amount of a uranium salt and also that when some of 
the salt was placed near a charged gold-leaf electroscope, the leaf 
slowly collapsed, showing that uranium had the property of malcing 
the air in its neighbourhood a good conductor of electricity. 
As will be Seen later the intensity of these rays is completely 
unaltered by any of the factors (heat, light, concentration, electric 
fields, etc.) which have such a marked effect on chemical reactions. 
The phenomenon is, in fact, due to an intrin.sic property of the 
atoms, and its epoch-making discovery led to the development of 
a new branch of science called " radioactivity.” 
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Pioneer Work of the Curies. In 1898 Madame Curie, one of tlie 
pioncei workers in this new field, and Schmidt showed that com- 
pounds of the element thorium, tlie mam constituent of Welsbach 
gas mantles, possessed radioactive properties of about the same 
intensity as those of \iranium. In the same year (1S9S) Pierre 
Curie and his wife noticed that some natural ores from which 
uranium is extracted— called pitchblende — ^wcre as much as 8 
times as radioactive as the uranium and thorium which they were 
known to contain. This suggested the presence of other, more 
strongly radioactive substances ; and by careful fractional 
crystallization, in which both the filtrate and the precipitate 
ivero te.sted by means of an electroscope for radioactive materials, 
Madame Curie was able to separate the salts of two exU'omely 
active elements. The fii&t of these, always associated with 
bismuth, to which it showed marked chemical similarity, was 
called polonium The other, of atomic weight 226-5, exactly 
analogous in chemical properties, spectrum, etc., to barium, 
was called radium ; it is at least a million limes more radioactive 
than uranium. Witli these more active substances, it was easier 
to invcntigale the complex, radiations emitted. 

Rays Emitted by Radium. The first analyses, carried out by 
Sir Ernest (later Lord) Rutherford, showed tliat the rays were of 
three types, which were analogous to those of the Crookes tube, 
and W'hich, hire them, could be readily distinguished by the 
difierences in their power of penetrating matter, and also by the 
efiect caused by subjecting them to an electric or a magnetic 
field. They were classified by Rutherford into alpha (a), bets 
(( 3 ), and gamma (-y) rays. Their properties may be summarized 
as follows ; a-rays are composed of positively-charged particles 
(as shown by the deflection in a magnetic field) having a velocity 
about one-sixteenth that of light (12,000 miles per second) and a 
mass of the same order of magnitude as the masses of the atoms ; 
their penetrating power is small, and they are stopped by a few 
centimetres of air. jS-rays have been proved to be identical with 
cathode rays ; they are composed of negatively-charged electrons 
having a velocity approximately nine-tenths of that of light. 
Because of their minute size and great velocity, they are at least 
lOo times more penetrating than ..-rays, and lose scarcely half 
their intensity after passing through i metre of air. ..-rays are 
not deflected even by the most powerful magnetic field, and are 
extremely penetr-ating, passing through a sheet of lead up to 8 
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cms. in thickness. Like X-rays, to which they are analogous, 
they appear to be pulsations and not streams of particles (cl. n- 
and /3-rays), and are due to the bombardment by tire j 3 -raya 
of the solid matter of the radioactive material (seo fig. i). 

Tire properties of each of these 
rays vary considerably according 
to the radioactive source ; for 
c.’tample, the penetrating power 
of u-rays from radium is generally 
at lea.st twice a.s great as that of 
r, rays emitted by uranium. More- 
over, the proportion.s of a-. fS- and 
y-iay.s to the total radiation vary 
according to the radioactive sub- 
stance, and in some 
cases — for example, 
p o 1 0 n i u 
emits only 

is found that all Ffg. 1. Diagtara sliowing action ol a magnaiic field on 
three radiations are “ /^■> R represents source of radium, 

not emitted by one and the same element. 

Energies of Radium. It was noticed that the temperature of 
radium-bearing materials is always slightly higher than that of 
the surrounding air, and in 1903 Pierre Curie measured, by means 
of a special calorimeter, the amount of energy continually being 
radiated in the form of heat. This proved to be 130 calories 
per hour per gram of radium— -or, expressed otlierwise, the amount 
of energy radiated as heat by i lb. of radium in i year is equivalent 
to that obtained by burning cwts. of coal— and unlike coal, 
which, once burnt, ceases to be a source of heat, radium goes on 
continually evolving heat at that rate for hundreds and hundreds 
of years. 

Th,e discovery of this enormous and hitherto unsuspected source 
of heat offered an explanation as to wh'J' the age of the earth, as 
calculated from its rate of cooling, is considerably less than the 
estimate of the geologists. It is now assumed that, in addition 
to the, heat radiated by cooling, a large quantity is being con- 
tinually given off by radioactive substances in the earth’s crust. 
Jn the same way, the age of the sun, calculated on the assumption 
that its heat is produced by continual gravitational shrinkage, 
falls very far short of geological and astronomical estimates, and 
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can be considerably extended by assuming that it contains radio- 
active materials. H i.s important to notice, however, in the latter 
cape, that the heat radiated by the sun cannot be wholly 
attributed to that resulting from radioactivity. Even if the sun 
consisted entirely of uranium, the amount of heat resulting 
from its disintegration would only account for half the heat 
radiated. 

Transmutation of Elements. It had been observed by the 
Cnnes that substances placed in a sealed tube together with a 
radium .salt appeared after a short time to have acquired radio- 
active projierties, which gradually di-sappeared when the substance 
was removed fiom the sphere of influence of the radium. These 
and other phenomena pointed to the formation of a gaseous 
emanation, which was emitted by the radium and able to diffuse 
into matter with which it came in contact. This was actually 
shown to be the case by Rutherford, who pumped out an 
evacuated tube coutamuig radium, and obtained small quantities 
of a hitherto unknown gas The " radium emanation,” as it was 
first caffed, was proved to be an ei’emcnt analogous to the rare 
gas, argon ; it liquefies at —65° C. and solidifies at —71° C. to a 
self-luminous solid ; like the inert gases, it is monatomic, and its 
atomic weight was estimated to be 222. It was given the name 
of niton (shining) by Sir William Ramsay. 

Niton is being continuously liberated from radium at the rate 
of one-tenth of a cubic millimetre per day per gram. Moreover, 
the very curious fact was observed by Rutherford that after a 
certain length of time — thirty days, in fact — the amount of 
niton in contact with a given amount of radium reached a maxi- 
mum value, which was never exceeded, however long the radium 
was left. The only explanation seemed to be that the niton 
itself was undergoing spontaneous radioactive decay, and by 
isolating some of the gas Rutherford was able to show that this 
was, indeed, the case. Niton emits at fir.st only a, then later P- 
and 7 -Tays very strongly ; mass for mass, in fact, it is far more 
intensely radioactive even than radium ; after four days only 
one-half of the gas remains, after eight days only one-quarter, 
and after one month less than one-thousandth. 

Since the rate of decay of niton, like that of radium itseE, v 
is entirely unaffected by changes of temperature, pressure and 
so on, the energy causing this radioactivity cannot come from 
any external source, and must, therefore, come from the atoms 
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tliftiUBoIvos. The rather startling conclusion is then arrived at 
that, in emitting its rays, the element radium is gradually 
decaying, and at the same time is producing a new element, 
niton, which is itself spontaneously disappearing. As will be 
seen later, the change from radium to niton is. in fact, only one 
of a long series of successive changes of similar character, which 
actually begin with the element uranium. Radioactivity is 
thus the sign of the tran.smutation or transformation of one 
element into another — in principle, the philosopher's stone, which 
the old alchemists had vainly tried to discover, 

LE.SSON 32 

Disintegration of the Atom 

(See plate 41) 

I T has been mentioned in the previous Lesson tliat radium, 
in emitting its rays, gives rise to a new element, niton, 
which, like its parent substance, also gives off radiations 
and slowly decays. As a result of phenomena of this Irind, 
characteristic of all radioactive substances, we are led to the 
conclusion that the process of radioactivity is the outward and 
visible sign that one element is being slowly transformed into 
another. Since such a transformation must involve a change 
of one kind of atom into another, the process is an atomic one. 
Moreover, the transmutations do not take place smoothly and 
gradually, but in sudden jerks. There is, for example, no inter- 
mediate step between the disappearance of radium and the 
formation of niton. The transformation occurs suddenly and 
explosively, each atomic explosion being accompanied by the 
shooting out of the various rays. This view that radioactivity is 
due to atomic disintegration, was suggested, in the first place, by 
Rutherford and Soddy, and later verified by them in Some 
briliiant experimental work, and also by Sir William Ramsay. 

As the result of an observation made by Ramsay, that small 
amounts of the rare gas helium were always found associated 
witli radioactive minerals, Rutherford and Soddy suggested in 
1903 that helium was one of the products of radioactivity. This 
was proved to be the case soon afterwards by Ramsay and Soddy, 
who examined the spectrum of niton, which had been freed from 
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other gases by being first condensed in liquid air, find then 
sealed up in a small spectrum tube. At first there was no 
evidence of helium, but in three or four days, as the niton dis- 
integrated, the helium spectrum became stronger and stronger, 
until ultimately the whole characteristic spectrum of helium was 
given by the tube The disintegration of niton thus results 
in the liberation of helium atoms, and in the same way it was 
shown that helium is formed as well as niton when radium itself 
disintegrates 

As has been mentioned in the previous Lesson, it follows from 
the nature of the derteclion which a-rays experience in a magnetic 
held, that they aie poMtively-chaiged particles Moieover, 
the same method of calculation as that employed for cathode 
rays showed that the latio of charge to mass {“/„,) was always 
about half the value of that ratio for the hydrogen ion It had 
to be assumed, therefore, that either the pailiclcs had a mass 
of 2 and earned i olcmentaiy charge or else had a mass of 4 and 3 
elementary charges As a result of two completely different 
pieces of experimental work, tlic second alternative was proved 
to be the correct one The first method, used by Rutherford, 
was to deternune the charge carried by each o-particle, or, in 
other words, the total charge carried by a known number of 
c-particles The total charge was measured quite simply by 
means of an instrument called an electrometer , counting the 
number of particles which conveyed that amount of positive 
electricity in a given time from the same radioactive source 
was a much more difficult problem This was first accomplished 
by making use of the properly of a-rays of exciting fluorescence in 
certain substances, such as zinc sulphide. When an 
o-paxticle stril^es a screen coated with zinc sulphide its presence 
is signalled by the emission of a tiny flash of light (a phenomenon 
made use of by Sir William Crookes in his spinthariscope), and 
by counting the scintillations caused in this way it was possible 
to estimate the number of a-particles strilcing the screen during 
a given time [See Plate 41, Fig i) 

This way of counting the particles was soon replaced by two 
pinch more accurate methods. It has been mentioned that, 
ptouse of their tremendous velocity, o-rays have the property 
W being able to ' ‘ ionize ” gases through which they pass Ionized 
^ses aro good conductors of electricity, so that if the a-pariicles 
are allowed to pass into a gas chamber containing two plates 
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charf^fid at different potentials and connected to a "sensitive 
electrometer, each time a particle passes between the plates a 
small amount of electricity leaks across the plates, and is recorded 
by a distinct jerk of tlie olcctrorneter needle. This method was 
developed at the Cavendish Laboratory, Cambridge, by Riither- 
feird and Geiger, who found that the number of jerks corres- 
pondefl to the scintillations obtained by the Crookes method. 

An even more direset method of counting the particles was 
invented by Profes.sor C. T. R. Wilson, also of the Cavendish 
Laboratory, in which the whole of the path of an a -particle 
is rendered visible to the eye. When ions are produced in a ga.s 
('.ontaining a certain amount of moisture in the form of invisible 
vapour, tliey form nuclei, much in the same way as specks of 
flust, for the coadenaation of the vapour. IJ, therefore, aii 
' -particle is allowed to pass into a ctuimbor containing moist 
air, and tlic air is suddenly cooled by allowing the chamber 
to expand, with suitahle illumination the path of the particle 
appears as a clearly-defined white line of fog. These streaks 
of fog can be readily photographed (Fig. 2, Plate 41), and so 
provided an ingenious method of counting a-particles. They 
were also of great importance in solving the problem of the nature 
of the nucleus, a subject that is dealt with in a later Lesson. 

Range of Afomio Projectiles. One other serie.s of experiments 
served to remove all doubt as to the identity of ii-particles and 
helium atoms. It has been mentioned that u-particles are shot 
out from radioactive material with an enormous velocity, the 
average value being i-y x 10® cms. (about 12,000 miles) per 
second. Because of this extremely high velocity, these particles 
have fairly strong powers of penetration ; they are able to pass 
through 3 to 5 cms. of air at normal atmospheric pre-ssure. 
Owing to the greater densities of liquids and solids the range 
is smaller in them than in gases, but, even so, the particles can 
pa.ss through homogeneous thin sheets of ahirainiimi or mica 
from 0-02 to o-o6 mms. (about one five'-hundredth of an inch) 
in thickness. Making use of this property, Rutherford was able 
to collect a-particles in the following way ; radium emanation 
wa.s introduced into a glass tube with walls thin enough to allow 
the passage of a-rays, but strong enough to be airtight. This 
thin-wailed tube was then enclosed in an evacuated tube with 
walls of ordinaiy thicknes.s, impermeable to a-rays. After 
a short time it was possible to detect helium in the space between 
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ttie two fubes : tho amount of lieliuin produced by i gram of 
radium in i year was estimated to be 167 cubic nuns. There 
is no doubt, thenjforc, that ..-particles are helium atoms which 
cany two po.sitive charges, 

D 1 . 5 intogTation of Radium. The atomic weight of radium is 
226 and that of niton is 222; each atom ol radium in disinte- 
grating splits up into a niton atom and a helium atom, which ia 
expelled at great velocity. Moreover, only a certain fraction 
of the total mimber of atom.s present splits up in every second, 
and it is this proportion of the disintegrating atoms wliich deter- 
mines the life period ol the radioactive element. In accordance 
with the usual dynamical law, it is to be expected that when 
an a-particle is shot out from an atom at tremendous speed, the 
residue would acquire a momentum in the opposite direction. 
This radioactive recoil was actually found to talce place, and was 
the means of the isolation and investigation of many subsequent 
disintegration products which were too short-lived to be treated 
in tho ordinary way. The method used was to allow the recoil 
product to depo.sit on a convenient surface, and since the product 
shortly after formation acquires a positive charge, the depo.sition 
was greatly incroa.sed if the surface was charged with a negative 
potential. The nature of each of these short-lived active deposits 
was investigated by examining the types of rays they emitted, 
their power of penetrating matter, of exciting fluorescence, of 
discharging an electroscope, and so on. 

Radium and head, It had been observed by the Curies and 
others that uranium ores always contained a certain amount 
of lead. Moreover, in his investigation of niton, Rutherford 
noticed that in addition to the liberation of lielium, a solid 
deposit which strongly resembled lead began to appear on the 
walls of the vessel in which the emanation was contained. These 
two facts supplied pieces of evidence for what wa.s later worked 
out by inference ; we now know that lead in some form or other 
IS the ultimate product «f radioactive decay. 

By the methods which have been de.scribed, more than 30 
new simple substances, which are derivatives of uranium and 
life-periods varying in length from one twenty- 
it ■ ■ f ^ second to 1,000,000,000 years, have been discovered. 

Is ound, in all cases, that the rate of decay is rapid at first 
anc ^adually becomes slower, which is rather to be expected 
on e theory that a definite proportion of the atoms oresent. 
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Main Uranium Series oe Radioactive Elements 


Half-life 

Elomcnt 

Rays 

Atomic 

Weight 

Atomic 

Num- 

ber 

4'67 X lo^j^ears 

Uranium I 

a 

238 

92 

2^ days 

Uranium Xj 

(3 , Y 

334 

90 

I ’17 minutes 

Uranium Xj 

(8 , Y 

234 

91 

About 10® years 

Uranium II 

a , 

234 

92 

6-9 X 10^ years 

Ionium 

a 

230 

90 

1,690 years . . 

Radium 

°-,y 

226 

88 

3-85 days .. 

Niton 

a 

222 

86 

3 minutes 

Radium A 

a 

218 

84 

26-7 minutes 

Radium B 

(lead) 

&,y i 

214 

1 

82 

19-5 minutes 

Radium C 

(tt), /? , Y 

214 

83 

10-® second . . 

Radium 

a 

214 

84 

17 years 

Radium D 

(lead) 

& , y 

1 

2TO 

* 82 

5 days 

Radium E 

H 

1 210 

83 

140 days , . 

Polonium 

“ I r 

210 

84 

Stable 

Lead 

— 

206 

82 


fa each case are disintegrating in each second. In the case of 
vadium this proportion, is only 13 in every billion atoms. 
Expressed mathematically, the rate of decay is an 
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hinction , it becomes infinitely slow when almost all the substanc e 
has (lecompostd It is usual, therefoie, to exptess the late m 
teims of the time taken for hilf the atoms piesent to doeay 
the ' period of half-life,” as it is usually ealled The total 
life-period is imighlv oblaiiitcl by multiplying this e'-alue by lo 
The ni iin radioactive senes of elements that deiived horn 
iirenmm, is shown in the table in page 7 ig side chains some- 
times occur, as, for e:xample, at radium C As will be seen from 
the table, wluii an ci p irticle is emitted the atomic weight 
decn ascs b} 4 and the atomic iiurabi i by 2 but when a jQ-particle 
IS I niitti d the alonuc weight is unaltered although the atomic 
muiiber mci easts by one 


LESSON 33 

The Wonderful Universe of the Atom 

(Sec pljte 41) 

A S a le^jult of tile (hscoveues of the electron and the 
phenomena of ladioactivity, the old view of the atom 
as a solid, indu isible unit was ultimately discarded 
It was proved that all atoms aie composed of positive and 
negative particlts, and the following questions naturally aiose • 
what positions do these particles take up with respect to one 
another ^ how many of each kind aie present ? and how are these 
internal anangements of the atom connected with its physical 
and chemical properties ’ 

Much light was thrown on these questions by Rutherford’s 
experiments on the penetration of matter by swift a-pai tides 
It has been mentioned that these particles aie shot out from 
radium with a speed of about 10,000 miles per second, and so, 
in spite of their lightness, they have a comparatively large 
mergy , they are, m fact, able to pass through plates of mica 
iind aluminium up to five-hundredths of a millimetre in thickness, 
and, since it is extremely unlikely that they pass in between 
the densely packed atoms of the plate, it must be concluded 
that th ey travel clean through the atoms themselves Rutherf 01 d 
allowed a dense stream of u-pai tides from a strongly radioactive 
source to pass through thm metal plates m this way, and obsei ved 
the paths which they took by watchmg the tiny flashes of light 
lirodticed on a zme sulphide screen He found that, while the 

{ 220 ) 



UNIVFRSE OF THE ATOM 

majonty of tlio pathcli^s weie deflected only slightly from their 
straight-lmc paOis, a few — about r in oveiy 10,000 — weie turned 
a^idc through very laige angles some actually appealing to 
rtlurn almost m the duection 111 winch they had come 

Now <1 particles cue doubly chaiged hfluirri atoms haririg a 
mass aliouL four times that of the hydiogon atom while (lections 
are ippioximatcly only one eighteen hundridth as heavy as the 
liydio'f'ii atom A swift-movuig o-paitick thdefure, on col 
lidiii/ with an ckctioii would nicicly biusli it aside, it thus 
hid to be (oncluded tbit the large deflections were caused by 
<oiiu thing consulcuilily moic ina sive Ruthcrfoid was then 
led to tlie liyfmtliL is tli it piactUally all of tfu mass of the atom 
is com (.iitr il( d into i positii cly cliaigcd and very siiiall nucleus, 
and th it the huge dclkclioiis were due to the ticmtndous forces 
ot upuKmn -.uddinly 
created when an 
occasional positively 
charged pai tick 
passed vmy near to 
the niicleub this is 
shown diagrammati- 
cally in Fig i 

These phenonfena 
were demonstrated 
rather more conclu- 
sively by the evperi 
ipents of C T R 
Wilson (s«c Pfate 41) 
vvho obtained photo 
graphs of the cloud tracks left by particles on passing Ihiough 
moist gases An enlai ged picture of two such tracks is also shown 
m Plate 41 The path traced out by an unobstructed particle is 
shown as a straight line, the pronounced kink in the other line 
''cmg due to a " collision ” between an ( -paiticle and the nucleus 
/if the atom 

Dimensions of the Atoms. Continued researches of this kind 
have definitely proved the correctness of Riitherfoid s nucleai 
theoiy of the atom It is now known that an atom consists of a 
dense, positively-charged kernel or nucleus, in which practically 
the whole of its mass is cont cntiated, and a number of iiegatively- 
chaigtil electrons, which circulate about the nucleus m orbits of 
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different diameters, in much the same way as the planets circulate 
about the arm. The outer boundaries of the atom are marked 
by the orbits of the outermost electrons, contact between 
two atoms heinfi; the result of the forces of repulsion between 
the outer electrons Kutlierford was able to sliow that the 
diameter of the nucleus is in the order of io~i® of a centimetre, 
the diameter of the atom it.self being of the order of io““ of a 
cfiitimctre. i.c. about too.ooo limes as large as the nucleus, 

A hotter idea of the diinen.sions of an average atom may be 
obtamod by magnifying it up to some familiar size If the 
nucli'us weu' onl.ugcd to the si’/o of a cricket hall, the electrons 
w>nild look like ucorns, and would he rotating around the nucleus 
at dibtntices varying £i om a few feet, for the nearest pair, to almost 
a mile, for the outcimosl orliifs Tint perhaps the most startling 
conclusion from these discoveries is tiie fact that practically 
the whole of the volume of the atom consists of empty space. 
It has been estimated, for example, that it all the positive and 
negative particles in an average man could be condensed together 
with no space in betrreen, they would occupy less than a milliontli 
of a cubic niiUunctre. The fact tliat the atom i.s very largely 
space w'as, of course, first suggested by the ease with which o- 
and ‘“-particles pass through the layers of atoms in mica and 
metal plates, 

Nuclear Charge and Atomic Number. Since atoms are, in 
general, electrically neutral, the numbers of positive charges on 
the nucleus must be equal to the number of negatively-charged 
electrons circulating around it. Considerable importance, there- 
fore, attaches to the determination of the magnitude of the 
positive charge of the nucleus, as this is equivalent to determining 
hmv many eleetron.s tlie atomic shell contains. As a re.suH of the 
work of Kiitherford and a Dutch physicist. Van der Broek, 
it was proved that the charge on the nucleus and, therefore, the 
number of planetary electrons is equal to the order number of 
the clement in the periodic table, tire " atomic number ’’ as it is 
now callt'il. 'this was later verified by the brilliant investigations 
carried out by the young English chemist, Moseley, of the X-ray 
spectra charactfristic of the different elements. It has been 
jiumtiiHied that X-rays are vibrations similar in nature to light 
waves, but of much shorter wave-length, and are obtained 
whenever cathode or f/-rays impinge on some solid substance. 
Moseley found that the frequency of vibration of X-rays was 
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directly connected wiUi the alomie numhei of the element flora 
winch they were rt llected, <iiid by nu-asunng the fieqiiency it was, 
possible to (letinmuiu the .itomic number without any knowledge 
n{ the atomic wiigl t of the elcmont conceuied As will be seen 
IdU r, most of the chaiactinstic propeities of the atoms, especially 
die cliniunl pinptrties flLpuul on the number of its planetary 
I lections aiirl so on the nucleai charge the atomic number, 
tluicfoH, h<i‘ a much giealei significcince than the atomic 
u( 1' lit, and in fact ckais up many anomalies which aiose from 
tin lirst pniodii i lassification of the elements based on atomic 
vv(‘if>hts rill atomic mimbeis are given m the Table of 
I It nil nil III Vohitm i, page i6o 

Isotopes, One convmimg pi oof of the impoitance ot the 
alnniK mmibci was fiunishcd by the discoveiios of Soddy, Fajans, 
Kiis ' II and others, of the csiaUnce of isotopes These elements 
base slightly ciifleieiit atomit weights (nuclear masses), but are 
piactically identical in physical and chemical properties, and so 
wtit placed in the same group of the periodic table (Gr isos = 
equal, /ofios = place) T. he first examples were found among the 
radioactive substances Lead is often found in Nature associated 
with the elements uranium and thorium Moreover, careful 
determinations of the atJinic weight of lead from these two 
soinci s have given values of 20O in one case and 20S m the other 
These values agree very well with the dismtegiation theory that 
the loss of 8 ii-pai licit b by a uranium atom gives an element of 
atoiiiiL weight 2y8 — 8x4 = 20O and of 6 a-particles by a 
Ihoiiuni atom, 232 —6x4 = .mS Ordinary lead obtained 
from other sources has an atoniii weiglil of 207-2, and may 
therefore be considered to be a mi'lnie of the two isotopes 
Ifore recently it has been shown by the English physicist, Aston, 
that many non-radioaotive elements are actually composed of 
inixlures of isotopes Aston s experiments w-ere carried out m 
an instrument called the mass spectrograph, m which a stream of 
positive or anode lays is made to pass through a magnetic field 
Ihe dellcclions of the particles am slightly different according 
to their masses, and the isotopes can thus be more or less separated 
Many oleinenls which have fractional atomic weights have been 
shown to be mixtures' of isotopes m this way , foi example, 
chlorine normally has an atomic weight of 35 46, and is a mixture 
of isotopes of atomic weights 35 and 37 in the ratio of about 
4 to I, 'line suggests to some extent that the hydrogen atom 
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may be a fundamonlal unit in the structure of all atoms, 
Wc have seen that the chemical individuality of the atom is 
defined by the nuinberof the planetary electrons and, consequently, 
by the charge of tlie n ucleu s. If, therefore, the unclear chai ge wore 
kept constant, although the mass of the nucleu.s were altered 
we should have the, phenomena of isotopes. This has been 
proved to be the case, and will be dealt with in our next Le.ssun, 

LESSON 34 

Structure of the Atom 

emission of n-jiarticles Iroin radioactive elements 
§ indicated that the nuclei of the,se atoms are not elemen- 
tary, indivisible particles, but contain a certain number, 
at any rate, o( helium nuclei — ^that is, lielinm atoms stripped 
of their two electron.s. It was later suggested by the D3ni.sh 
chemist Bohr that the d-particlcs (electrons) shot out by radium 
also came from tlie nucleus of the atom, and that, in addition 
to the planetaiy electrons, there are — in radioactive atoms, at 
any rate— some special nuclear electrons. The question then 
arose : is the heliuit. nucleus the fundamental brick in the 
structure of the nuclei of all atoms ? 

Some evidence that this might be so was provided by the 
phenomena of radioactive disintegration, which showed that the 
helium nucleus, if not an elementary unit, was a singularly 
stable aggregate. The fact that the weights of the lighter atoms 
are not simple multiples of 4, however, indicated that the helium 
atom is not an elementary particle ; and since the hydrogen 
nucleus, or proton, is the smallest positively-charged unit known, 
the simplest assumption is that the nuclei of the atoms are 
aggrt-gatofi of protons " cemented ” together, as it were, by a 
certain iiunrber of electrons. This was latei- proved to he true 
by Rutlierford, who, by bombarding light atoms, such as nitrogen 
and ahtininium, with streams of ^-particles succeeded in dis- 
Iwlging .some protons from the atomic nuclei. 

The phenomena of isotopes can be readily explained as being 
due to the simultaneous loss by an atomic nucleus of one. two or 
more neutrons, or else the same, number of Ixith protons and 
electrons Thus tlie nuclear charge remains constant, and so the 
chemWa! properties of the atom ; but the mass is decrea.sed by 
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METEORIC SCARS, In sSouth Carolina, IJ.S.A., there is an area 
cil more than ten thousand square miles containing a large number 
lit scars or “ bavs ” — elliptical depressions in the earth with features 
which suggest that thev were caused by a vast shower of meteorites 
■ a million o> so years ago. Astronomy 24 
f'hoio, PnirchilJ Ai^riisl Surrri/a 


QfGANTlC AEROLITE THAT FELL IH GREEHLANO, Here we see one 

I'f the largest known aerolites, discovered by the American explorer, 
\i. I’i. F\*ury, in Creeuland in 1894. It measures Hi feet by 7 i feet by 
?i feet thici:, and weiuhs i7h tuns. Astronoaiv 24 
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ZODIACAL LIGHT. Drawiu'i showing at Us perlcction the luminosity that 
appj.irs ill the west sky after twilight or in the cast before dasvn. Though best 
.‘recii in tile clear skies of the East, it may he observed from Lonclon and many 
other places. It is sviijccsted that the light is caused by the reflection of sunlight 
from meteoric masses still in Ihe original plane ol the solar system. .AstrOMoAIy 25 



f JDAL THEOHY OF THE SOLAR SYSTEM’S ORIGIN. T he iiio.'ii generally accepted 
rhCDi'v Linu’iiriiing the origin of the solar system ot sun ami circling planets is that 
.U S'Uiie mcoiicoivahlv reiunte ilnto a ‘•wandering star" came so near to the as 
vet p).oietle;s Siiii as to c.MKe trcmemloiis waves on its surface and ultimately the 
di'.ium:; into space o| vast •' blobs ” nl matter whicli .setlled down into 

rl.ineis. ASTtOf'ii^.uv 113 
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LAPLACE'S NEBULAR HYPOTHESIS, lii explain 
tlir.'. csuliiti (!i i!i til'.- ‘ii'kir sy.tciii, the f'retich ;htrf>- 
nuiti.'f I’i.'ire -utiun, M;iri.|ins Je LapKice ( 17 I 9 - 
.m unnieiioe cloud cl yluwuu' 
ya-. a", il li>M und I'eSclvinif faster 

,f. It -.lis.iak. At critical moiueiiL' ceiitriiiijral 
fcrc'j ll'f '.. «in rliurs oi aiatler which condensed 
int-i ill: jda'iet'- ; ihe rciidiie is now our sun. 
\i'.'.‘?i. diAVO!'.'.;.- iliudrau- the vAriims stupes oi 
the oU-’pcjted pruceS'i. ASTHUNu.nv 25 
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STRUCTURE OF THE ATOM 

one, two or more units of weight. According Lo the theory, 
ttien, the atom of hydrogen consists of a po.sitively-chavged 
nucleus of muss I'OoyS with one negatively-charged electron 
revolving around it ; the next large.st atom, helium, has an 
aioiuic number 2 and a mass of 4. The helium nucleus, therefore, 
contains 2 protons and 2 neutrons, and has 2 electrons revolving 
around it. The nitrogen atom has atomic number 7 and atomic 
weiglit 14: there arc thus 7 protons and 7 neutrons in the 
nucleus, and 7 extra-nuclear, planetary electrons. Formerly the 
nucleus was suppo.sed to contain a number of cementing eleclron.s, 
Uu; excess of protons over electrons equalling the atomic num- 
hcr ; hut the discovery of the neutron has eliminated the 
necessity of these, thus simplifying our picture of the nuefous. 
When the number of protons e.’ccecd 104, however, the electrons 
in ttu! nucleus arc unable to prevent the charges from flying 
apart and the .spontaneou.s disintegration, characteristic of the 
radioactive elements, results. 

Energy in the Atomic Nucleus. We have seen that the nucleus 
of the helium atom is composed of 2 protons and had a mass 
of 4-00. Two protons and two neutrons of mass imoSi and 
I'Oo 67 give a mass of 4 '0290 ; so that, even neglecting the very 
small mass of the electrons present, the formation of a helium atom 
results in the complete disappearance of 0'O3 units of mass, or 
rather less than i per cent of the mass of the 4 hydrogen nuclei, 
This rather startling fact is in entire opposition to the old classical 
theory of the conservation of mass — that matter can never be 
destroyed. The modern view, however, put forward by Einstein 
in his Relativity Theory, is that mass, being the result of positive 
and negative electric charges, is merely another form of energy, 
aiid that a decrease in mass corresponds to the emission of a 
deli trite amount of energy in some form. This theory of the 
liberation of energy as the result of the annihilation of matter has 
recently received considerable support from the discovery of 
cosmic radiation. This radiant ener^, which is constantly 
falling on to the earth from the outer regions of space, is presumably 
liberated by the mutual destruction of positive and negative 
particles. 

Using Einstein's formula (energy = mass x c®, c being the 
velocity of light), it can be calculated that the amount of euergjf 
liberated by the " de.struction " of one gram oi matter would bn 
equivalent to that obtained by burning 3,000 tons of coal, Or, 
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to return to the helium atom, the amount of energy liberated in 
the formation of one ounce of helium from hydrogen would be 
sufficient to supply one million horse power for seven years. 
These almost fantastic stores of what is called sub-atomic energy 
have, so far, remained well beyond the reach of Man. There is 
no doubt, however, that in some of the hotter stars energy is 
being constantly Ubiirate<l in this way by disruptions of the 
nudeiw of the atoms. In i93‘.) Joliot split uranium atoms in half 
by bombardmeni with nt’iilrons, relea.sing 4 more neutrons which 
might be available to split four more uranium atoms, thus releas- 
in.c; lO neutrons and so on. fn this way enormous energy would 
bo releaHcd in a short time. No practical amounts have bi'en 
obtained yet owing to dispetsal of the cliain effect by the initial 
diiiiuption. 

Eloolronlo Structure of the Atom. So far we have been con- 
.sidermg the constitution of the atomic nucleus , the iioxt point 
to bo settled is the amingenient of the extra-nuclear planetary 
electrons. It has been mentioned that the outer boundaries of 
the atom are defined by the orbits of the outeimost electrons, and 
the formation of a chemical rompqund may be crudely regarded 
as the result of au interaction between the outer boundaries of 
two or more atoms and an interlocking of the orbital electrons. 
The chemical propeities of the elements are thus defined, more or 
less, by the arrangements of the outer planetary or orbital 
electron.s, and also by their number, which, we have seen, is the 
same as the nuclear charge, or atomic number, of the element 
considered. The modern view of the electronic structure of the 
atom i-S based on the theory put forward m 1913 by Bohr to 
account for the tact.s which had been observed in connexion with 
the spectra emitted by hydrogen atoms 

We know that atoms, according to the manner in which they 
are excited — that is, by being heated or subjected to an electric 
discharge or a stream of .swift ff-particle.s — can emit energy in 
the form of inira-md rucliation (heat), visible light, ultra-violet 
lightnr X-rays, all ot which arc electro-magnetic waves of different 
vvave-leu.gths. It was supposed, also, that these emissions ol 
energy are the re.sult of an electron changing from an orbit 
of higher energy to one of lower, though no explanation of such a 
change could be made on the classical, electro-dynamical theory. 
Bohr, howevei, started with the assumption that the electrons 
cannot take up a position at random with rusitect to the nucleus, 
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but that each eJectron, lor some inexplicable reason has a 
certain number of stable orbits in which it can rotate, Wliile it 
is in one or other of these orbits it neither emits nor absorbs 
radiation — it is in what is called a “ stationary state " ; but if it 
passes from one orbit to another it emits a quantum of vibration, 
the frcqno2icy of which depends on the reUitiv'e positions of 
tile two orbits concerned. The frequency v of this " quantum 
jump " as it is called, is, in fact, given by the formula Im — Ej — 
F,„, where h is Planck’s constant and E, and li., are the energies 
of tlie two orbit.s Witli tliese assumptions, Bolii was able to 
account for all the observed lines in the sjuictra oi hydrogen. 

Moreover, as seen from the above tormula, as the energy 
difference E, — E^ increases, the frequency r of the radiation 
also increases and the wave-length, therefore, decreases. In 
othoi' words, with an increase in the energy ot the orbit, from which 
the electron moves, the type of radiation emitted change.s from 
infra-red rays to visible liglit, to ultra-violet and, ultimately, to 
X-rays. Since the energy of the orbits is mainly determined by 
the nearness of the electron to the nucleus, Iransition.s troni inner 
orbits result in the cmis.sion of X-rays. From an analysis of the 
frequencies of X-rays emitted by atoms when subjected to 
streams of g-particles (cf. Moseley's experiments on atomic 
numbers) it was possible to obtain information about the inner 
grouping of electron.s in the atoms It must be remembered 
that when an electron is shaken out of its orbit, it cannot pass into 
tile next adjacent orbit if that one is filled ; on the average, it 
prefers to pass out of the atom entirely, leaving it " ionized," or 
else to take up a position in the outermost incomplete group of 
electrons 

By means of the optical and X-ray spectra of elements, it has 
been possible to determine the electronic structures of atoms. It 
is ilieii found that the inert gases mark definite stages in the 
progress of atom building, each one having an outer group of 
S and inner groups of S, rz or 32 electrons. The chemical inert- 
ness oi the rare .gases indicates that their electronic configurations 
— ill particular, the outer groups of 8 electrons — are remarkably 
stable. Aloreover, the repetition of chemical and physical 
propiirtie.'i of the elements in between the rare gases, as airanged 
ill the periodic table, can easily be accounted foi as being due to 
the successive building up of the outer group of 8 electrons around 
a stable inert gas structure. 
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Tlio tfiblc below givei tin ■itruttuie of the inert gasei and also 
the elements of the fir<>t short period (‘:ee Peiiodic Classifii ihoii 
Lesson 4 Volume i. page rfio) whieh are typical of later elements 
llio i It-ctrons are placed in dillt u iit categories called " quantum 
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groups,” depending on the number of quanta of energy cones 
ponding to the orbits of that group Each of these groups should 
really be split up into a nutnba of smaller groups, called sub 
g oups. 

Our C'jurs; in Q) mi tr> is continued in Volume $ 
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LESSON 22 

Terminology of Geometrical Drawing 

term CTCOmetry (Greek : ge, earth ; me-tron, a measure) 
1 originally signified land measuring f' but it now denotes 
the science of magnitudes in general, with their various 
properties and relations We here follow the practical side of 
the siiljject. as the theoretical is dealt with in. our Course in 
Mathematics, 

The student should always work with the greatest possible 
accuracy and rioatiiess. Whatever instrmnents are used should 
be of the very best quality, in order to avoid error.s and vexation 
The following are absolutely essential ; a halt-iiTiperiai drawing- 
board and pins, rvith its adjacent long and short edges perlcctly 
perpendiculai to one another : a T-square, which is used for 
drawing lines parallel to the edges of the board ; two set-squares, 
having respectively angles of 45° and 60° (these arc used to obtain 
perpendiculars and parallels) ; a pair of compasses with nrovable 
pen and pencil legs (those with needle points are best, as they do 
not make large holes in the paper) ; a pair ol dividers for 
measuring ; a mathematical pen for ruling lines in ink : two 
pencils, one HH for the construction lines and the other HB or F 
for the darker lines of the figure, sharpened wedge-shaped : 
cartridge paper tor ordinary pencil work, and " hot-pressed ' 
surface paper for ink drawings ; protractor, either semicircular 
or as a flat ruler for measuring angles ; foot-ruler, with tenths 
ol an inch marked on it, as well as the usual divisions, and also 
centimetres and millimetres ; and some Indian ink. 

Dictionary of Elementary Terms in Plane Geometry. 
Acute Angle. An angle that i.s less than a right angle. 
Anite-mgkd Triangle. See Triangle. 

Adjacent Angles. Angles with a common vertex and one common 
arm. 

Altitude of Triangle. See Triangle. 

Angle. The inclination of two straight lines which meet in a 
point, or vertex. The size of an angle does not depend upon 
the length of the lines forming it, but upon their inclination to 
I ^29 1 
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eacli other The Siurn of all the angles in any one triangle ia 
equal to two riqtit angles, or 180® 
alpaa See Triangle 

(■let Anj. part of the circumteience of a circle between any two 
points in It 
Ayen See Figure 
llAst. See'Iridngle 
rh'tect To cut into two eijual parts. 

(JiORD A Straight line loinmg any two points in the cir- 
cvimlerence of a cucie 

Circle A pl.itif figure eontainefi by one cuivecl hnc, which ig 
(.ailed the t itcumieit-mc or periphery, and is sucli that all 
stiaight lines diawri liom a ceitain point vvithjn the figuie to 
the (circumference are equal to one another This point is 
cath'd the centre of the cucle, and each ol tlie stiaiglit lines is 
calU'il a railitit ot the ciiclc The straight line drawn thiough 
the centre and tonninated at lioth ends by the circumlerence 
IS called the diameter winch divides the circle Httij two semi- 
circles , and if tno dianieteis are drawn perperidicular to each 
othei each of the lour parts of the circle is called a quadrant 
LOMplemeru ot an Angle The diherence betweeri it and a right 
angle 

Conceninc Circles Those which have the same centre but 
different radii 

Curved Line One that is nowhere straight. 

Decagon See Multilaterai Figures. 

Diagonal Line joining two opposite angles of a quadrilateral 
figure. 

Dttodecagon See Multilateral Figures, 

EQUiLirEKAL Triangle See Triangle, 

Figure A space enclosed by one or more line,s or boundaries. 
Tlie sum ot all the lioundanes is called the perimeter, and the 
space within the jicnineter is called the area. 

HrirTAGON. See Mnltil.iteral F’lgures. 

Hexagon See Midtilateial Figures 
Horuemtal Lint One that is pertectly level. 
iivptjienuse See Right-angled triangle 
Skrkgolak Polygons .See Multilaterrd Figures 
IsmteJes Tnangle See Triangle 

Line 'Ihia has length without breadth, and may be represented 
by various methods, as thick, thin, dotted, or chain lines 
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Median A line drawn from the vertex of a triangle to the 
middle point of the opposit'' side. 

MuUdalerul Figures or Polygons. Figures contained by more 
than four straight lines. Regular polygons hav^e all their sides 
equal, and irregular polygons have their sides unequal Polygons 
are divided into clas.ses according to the number of their .sidas : 
pentagon, having five sides ' hexagon, having six sides ; 
heptagon, having .seven sides ; octagon having eight sides ; 
wmngon, having nine sides : decagon, having ten sides ; 
undccagmi, having eleven sides ; duodecagon. having twelve 
■iides. 

OlU.iqtU! Una. a Uric that slants. 

Ohloug. See Reid angle. 

Obtuse Angle. An angle larger than a right angle. 

Obtuse-angled Triangle. See Triangle. 

Orthocentre. The intersection of the perpendiculars from the 
corners of a triangle to the opposite sides. 

Pauallel Lines, t.ines such as are in the same plane and never 
meet though produced indefinitely. 

Parallelogram. See Quadrilateral Figure. 

Perinieier. See Figure. 

Periphery. See Circle 

Perpeudicutae. See Right Angle. 

Plane. A level surface, and such that, if any two points be taken 
in it, the sti-aight line joining these two points lies wholly in 
that surface. 

Point. This has position only, without magnitude, and in practice 
is u.sually represented by a dot. 

Polygons. See Multilateral Figures. 

Quadrangle. See Quadrilateral Figure. 

Quadrant. See Circle. 

Quadrilateral Figure, or Quadrangle. A flgui'e contained by four 
straight lines, as the square, oblong, rhombus and rhomboid. 
If tlie oppo.site sides are parallel it is cdlled a parallelogram. 

Kadius. See Circle. 

Rectangle, or Oblong. A four-sided figure with its opposite sides 
equal and all its angl&s right angles. 

Rhomboid. Quadrilateral with its opposite sides equal, but its 
anides not right angles 

Rhombus. Quadrilateral with all its sides equal, but its angles 
not right angles. 
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Right Angle. WIr'iv a straij'ht line meets another, so as to raalce 
the adjacent angles equal, each o£ the angles is called a right 
angle, and the lines are said to be Reypendicnlar to eacli other. 
It should be observed that perpcndinilay doe.s not mean upright 
or vertical, but at right angles to another 
Right-angled Triangle A triangle with one of its angles a right 
■angle The side opposite this right angk; is the hypotenuse 
hcAi.KNl! TkiaNGLii See Triangle 
S‘‘f,tor The space fucloscd by two radii of a cncle 
Segment of a Circle 'Ihe .sp.icc enclosed by an arc and its chord. 
Semiurrle. iVr Circle. 

Sijunye. Quuilnlateral with all its sides cqival and all its angles 
I ight angle.s 

Stuiight Line The shortest disuincc between two pcniits, 
Stiper/iciC‘ 1 , or Siirjace Estension in two directions ; it ha.s 
length and breadth, but no deptli 
Supplement oj an Angle. The difference between it and two right 
angles 

TANGtsNi'. A straight line which touches a circle or curve at one 
point, but does not cut the circle or cuive when produced, A 
tangent to a circle is at right angles to the radius 
Theorem. A proposition to be proved by reasoning. 

Trapezium. Quadrilateral with only two sides parallel, or, 
according to another definition, with no sides parallel. 
Triangle. A figure contained by three straight lines. The side 
upioii which it stands is termed its base , tlie point wiiere the 
other two side.s meet is its vertex, or apex ; the angle at this 
vertex is the ve: tua! angle, and the straight line which is drawn 
from the apex pierpendicular to the base or the base produced is 
called the altitude Triangles are named, with reference to 
their sides 

Lquiliiteral, having tliuc equal sides ; 

Isoscetes, having two equal sides , 

Scalene , having Uireh unequal sides. 

With reference to their angles 

Rtghl-angled, liaviiig one angle a rigfit an,gle ; 

Ohiiise -angled, liavuig one angle obtu.se , 

Acute-angled, having all its angles acute. 

Unui.C'IGOn ,See Multilateral Figures, 

VcRi'EX. See Triangle 
Virtual Angle See Triangle. 
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LESSON 23 

Exercises in Practical Geometry 


T hii exercises in practical geometry given below are of a 
preliminary nature and such as must be thoroughly 
grasjied by the student before proceeding to more 
advanced work, As will be seen, they are concerned with lines, 
aii.gles ami proportionals. 

I, To bisect a given line AB. The best way is to do it by trial 
with the coinpa,s.ses. Another method (la and b) ; With centre 
A and any radius longer than half the line, describe an arc. 
With centre B and same radius, intersect it in C and O, Draw 
CD, which bisects the given line at right angles. 

•j. To draw a perpendicular to a given line AC, Irom a given 
point A within or B without the line. This may be done in 
several ways by intersecting arcs, but the most practical, most 
accurate and quickest is by placing a ruler level with the line AC, 
and a set square with one of the edges exactly touching the ruler, 
and the other passing through the given point. 

3. To bisect a given angle A DC, With centre B and any radius 
de.scribe an arc to cut the lines in A and C. With centres A and 
C and any radius describe arcs to intersect in D. Draw BD, 
which bisects the angle. By this means an angle may be divided 
into 4, 8, 16, etc,, equal parts. 

4. To trisect a right angle With cen be B and any radius 

describe the arc AC. With centres A and C and same radius 
cut the arc in D and E. Draw BD and BE. which trisect the 
right angle. 

5. To draw a line parallel to another AB, at a given distance C 
from it, or through a given point D At any point in AB draw a 
perpendicular GF equaJ to the distance C. Place one edge of a 
sot square level with AB, then a ruler against another edge of 
the set square. Hold the ruler firmly fixed, but slide the set 
square along it until the edge {which was level with AB) passes 
through F, and draw FE the required line. When the point 
as D is given, the method is the same except that no perpendicular 
is required. 
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6. To liiabe an angle* ntjual to a given angle ABC. Draw any 
line EP. With centre B and any radius describe the arc AC. 
With centre E and same radius describe the arc DF. With 
distance AC as radius and F as centre cut the arc in D. Draw 
ED thioiigh £ and D. 

7. Thiough a given point C to draw a line meeting a given 
lino AB at an angle equal to a given angle 11 Through C draw 
OF parallel to Alt At C make the angle FCD equal to H, 
and the angle CBB will also he equal to it. 

H. To Viiseci Ihf .iDglo made by two converging lines BA, DC, 
without using the .ipcs Draw a line at any convonient distance 
parallel (o AB, and aiiothei at same disfaiico parallel to CD to 
iulorsect in E Bisect the angle thus oljUined 

g Through a given point E to draw a hue converging to the 
same point at which two other converging lines would meet if 
produced. Draw any two (.ouvem(;n.t lines FG, UK parallel 
to c*fich other and cutting both AB and Cl) Join U. and P, E 
and G Through II draw HE paiallel to FE, and through K, 
KL parallel to GE, intersecting at L. Draw EL tluongh E and L 

10. In a given line AB to lind a point eijniclistant from two 
givi;n points C and D without it. Join C and D, and bisect the 
line CD by a perptiidicuhii rncPting .iB in E, w'hich is the 
required point 

11. To dniw two straight lines to meet a given line CD troni 
two given points .4 and B without it, and to make equal angles 
with it. Draw A E perpendicular to CD, so that FE equals 
FA. Draw BE cutting CD in G. Draw AG Then AG and 
BG are the rerjuiied lines. 

Proportionals. If a straight line be drawn parallel to one side 
of a triangle, it cuts the other two sides or those produced 
proportiunaily 

12. To divide a line AB into any number of equal parts (say, 
seven). Draw AC at any angle with AB, and set oft on it any 
convenient distance sevem times. Join jB and from the points 

5 - 4 . -h 2. I, draw parallels to yB to cut AB. 

13. To divide a line AB proportionally to a given lino CD. 
Draw A E at any angle with AB. Make /I i , i 2, 2 3, 3£ equal to 
Ci, I 2, 2 3, 3/3 rchpectively. Join E and B. Draw parallels 
to EB through 3, 2 .itid i to meet AD. 

14. To divide a given line AB in the same proportion as the 
Nos. 3, 5, and 2. Draw .-iC at any angle with AB, and set off 
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on it 3+5+2: equal pam Join lo and B, and througli 3 and 8 
diaw parallels to loB to meet AB. Then AD ■ DE • ED are 
as 3 . 5 ; 2 

15 To find a fomUi proportional (greatei or less) to three 
given linos A, B, and C Diaw DG and, at any angle with it, 
DH Set oft DE equal to A, and DF equal to B. Join E 
and F Set oH I G ctjual to C. Thiough 0 diaw GH paiallcl 
to EF cutting DU in El , then FEI is the foul th proportional 
gt eater — i e DB DF EG FEI When the louith pro- 

poitional less is ritpuicd, use the saint incthod, but commence 
with llie line 

16. To find ,i Lliiul propoi tional (grtalir 01 loss) to two given 
lines A .uid B Shis u, (ho suue thing as lindiiig the loiirth 
pioportlonj! to three given iinoa, the last two of which au* e<]ual 
(0 g. A B B teq Hired line) Proceed as ui 13, but remember 
B IS used twiee {in tb, tP and CO each ecjiial B) CE is the 
lequiu'd third proportional gieatei Foi the third piopmlional 
Isss, rommence with B and Ube A twice 

17 To linci a mean proportional fo two given Imes A and B. 
On a straight line make CD equal lo A, and DE equal to B, 
Bisect the v hole hue CE m F and desenhe a semicircle with F 
as centre and FC or FE as radius At D drasv DC perpendicular 
to CE to nieef the arc m G Then DG is the mean pioportional — 
i.e. CD DG DG DE. or A DG DG B 

iS. To divide a lino AB into an extreme and mean ratio — 

1 e. so that one part shall be a mean propoi tioiial between the 
whole line and the other part Diaw AC perpendicular to AB 
and equal to halt of it {AF or FB) Join B and C. Make CD 
i([ual to CA With centie B and radius BD cut oft BE Then 
AB is divided at E, so that AE EB EB AB, or so that 
the lectangle AE, AB, equals th« square 011 EB. 

LESSON 24 

Use of Scales in Practical Geometry 

I N this Lesson we aie concerned with the vaiieties and rou' 
stnictum of scales, so far as these relate to piactical geometry. 
It should be einphasi/ed at the outset that all scales must 
1 e constructi'tl with \ ety great Ctire, and drawn vntb a very sharp 
fieactl or tine pen to eiihure absolute accuracy, 
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To draw a scale of J in. to i ft. to measure 6 ft. and’show feet 
and inches. Draw two parallel lines about in. apart. Set off 
I in. six times, then each of these parts represents i ft. Divide 
the linstpart into 12 equal divtsions, each of which will represent 
1 in. When (iguring and naming the parts it is important that 
the zero ahoulrl be placed as shown, so that dimensions may be 
taken off readily with the dividers. Thus, to take ofl 3 ft. 8 in., 
place one leg of the divider.^ on point 3 ft. and tlie other on 8 in. 
The representative fraction is obtained thus : 

IJm _ i in. ^ 

I ft. 12 in. 48 16 

To cuustruct a scale of li in. to i yd. to measures 3 yds. and 
sliow yards and feet. Draw two parallel lines as before. Set 
off in. tlmee tinic.s, and divide the first part into three equal 
divi.sions, which repre.sent feet. 

Representative fraction ; 

in. in. 3 i 

I yd. ” 36 in. ~ 72 ~ 24 

To draw a scale of 2J in. to i mile to show miles and furlongs, 
and to measure 2 miles. Draw two lines as before. Set off 2J in. 
trvicc to represent miles, and divide the first part into eight equal 
divisions, which represent furlongs. 

Diagonal Scales. These are used when the divisions become 
very minute, The construction is based upon the principle 
of similar triangles. Let the rectangle A BCD (Fig. r) be divided 
into four equal parts by parallels to AB, and the diagonal BD 
be drarvn, then a number of similar trianglc.s will be formed. 
Thus the triangles CBD and JBF are similar ; therefore if B J 
is half of BC, then JF is half of CD. In the same way KE is 
one-quarter of CD. As CD may be as small as we like, it can be 
easily realized how valuable this principle is From a plain 
scale we obtain two dimension.^, .such as miles and furlongs, or 
yards and feet, but from u diagonal scale we may obtain three 
dimension-s, such a.s yards, feet, and inches. 

To draw a diagonal scale showing inches, tenths, and bun- 
(lredtb.s of an inch, and to measure 4 in. Draw a line (Fig. 2) and 
mark off on it four separate inches. Divide the first inch into 
ro equal parts for tentlis of an inch, then on a perpendicular 
srected at 10 set ofl 10 equal parts to any convenient unit, 
uid through each draw parallels to the first hue. Erect 
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pfirpt’udiculars at o, i, i, and 3 , join 9 and B, and through 
each rlivisioti for tenths of an inch draw the other diagonal 
'lines paraAcl in aashtrisn The dfeiance CD EF'iS 

of an inch, and GH is 2 in or 2-27 in 



to sliow yards, feet, and inches, and to 


Draw a scale of _ 
measure 6 yds. This means J in to a yard, or of i yd. 


36 


in. 


3f> 


in. 


: in. 


I 

•=5 — S' ,. 

48 1 43 

Draw a line (f'ig 3) and mark on it J in. six times, to represent 
yards Dividi* the first division into three equal parts for feet. 
On a peipt'ndicuUi erected at 3 feet set off 12 equal parts of any 
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• 

coiivwnioni; unit, and through each part draw parallels as before. 
Erect perpendiculars at o, r, i, 3. 4. and 5 yards. Join 2 It. and 
12 in., and draw other diagonals parallel to it. Figure and name 
divisions on scale as shown. AB represents 3 yd. i ft 8 in. 

Scale ol Chords. This is used for measuring angles, and is 
niarlced on a ruler or protractor by the letters CH or CHO. The 
best way to know how to use this scale is to learn its construction. 

Make a quadrant ABC (Fig. 4). Divide the arc AC into nine 
equal parts of 10“ each. The divisions 10, 20, 30, etc., on AD 
are found Iry taking A as centre with radius 2I10, A20. A30, 
etc., on arc AC, and marking them from A along AD as shown 
by concentric arcs. Thu disUince from A to each division on 
A/) is the chord of the angle containing that number of degrees. 
'J’he divisions become suialter as they approach go“. Tire dis- 
tance o to 60 is always tluj radius of the arc to be used in making 
any angle. Tims, to make an angle of 30". draw any straight 
line AB as in Fig. 4a. W'ith cither end. as A, as centre, and 
radius /!6o in Fig. 4, describe an arc CD. With C as eenh'e 
and >-130 as radius cut CD in D. Join AD, tlien DAC is an angle 
of 30°. 

The Sector. This instrument (Fig. 5) i.s termed of two flat 
legs liinged at 0 . Lines OL are drawn radiating from 0 , one on 
each leg, and are called the line of lines, by the u.se of which 
problems in proportion can be readily solved. There is also 
the line of polygons, marked POL. Care must be taken to measurt; 
always from points on the lines (thick in illustration) drawn 
from the centre 0 . 

The following five problems show some of the uses of the sectoi . 

To bisect a line. Open the sector until the transverse distance 
from, say, 8 to 8 on OL equals the given line. Then the distance 
from 4 to 4 is half the line. 

To divide a straight line into five equal parts. Open the 
sector until the transverse distance frejm 5 to 5 on OL equals 
the straight line, then the distance from i to t will be ^ of the 
given line. 

To find X in the proportion 2 : ;r : ; 5 : aj. With the dividers 
mea.sure zj in. Open the legs of the sector until the distance 
between 5 on OL of one leg and 5 on OL of the other is 2^ in. 
Then the transverse distance between 2 and 2 on OL is the required 
distance x. 

To inscribe a regular liepta,gon in a circle. Open the sectoi 
( e.yj ) 
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until tbs distance from 6 to 6 on POL equals the radius CD of 
tlie rirclo (h'ig. 6). Then the transverse distance from 7 to 7 
on POL is tlu' side of the heptagon. 

To construct a regular pentagon on a given line AB. Open 
the sector until the transverse distance from 5 to 5 on POL 
equals xlJi (Tig 7) With A and D as centres, and the transverse 
distsince from 6 to 6 as radius, make arcs intersecting at C, 
With centre C and same radm.s de.sciihe a circle. Set off AB 
rmmd it. 


LESSON 25 

Proportional Scales & Construction 
of Triangles 

construct an ii regular polygon from a rough diagram, 

I ttie dimensions on a diagonal AE, and the ordinates 

-®“ liB. cC, dD, etc., hemg given. AE=srj ch., Ah= i ch. 

30 1 ., Ab=2 ch , Ag=4 ch 40 1 ., .\c=6 ch. 30I., Af=6 ch. Sol., 
Ad = 7cli 15 I The oidinates hH=2 ch. 60 1 ., gG=i ch. 25 1 ., 
fF=2 ch. 20 1 ., dD = i ch. 60I., cC=i ch. 10 1 ., and bB=;2 ch Sol. 
Scale, J in, to i cli. 

First construct the scale as shown in Fig, i. The diagonal 
scale is for obtaining tnea.surenients of 5, 10, or 15 1 . Draw 
AE, 9 ch. long, according to scale, then set off Ah, Ab, Ag, etc., 
on it. At the points h, b, g, c, etc., erect the ordinates according 
to scale. Join A, B, C, D, E. F, G, and H. 

To enlarge or reduce a drawing by a proportional scale. Say, 
to enlarge the given drawing of a gate (Fig 2) so that AB siiall be 
2| in. Tu'st construct the proportional scale by drawing the two 
lines AB and Ab at any angle with each other, making AB==AB 
and Ah=2j in. Murk the scveial distances on small drawing on 
AB. Join B and b, and_^ through H, D, E, F, C, and G draw 
XuraileLs to Bb as shown. Then the respective raea.sureiiients 
aioti.ir Ah are Hie re<iuired ones for the larger drawing. 

To enlarge a map. Make a proportional scale as before, and 
a.s shown in Fig 3. Set out the squares for the larger map 
according to enlarged scale, and then draw the map so that 
all parts come in cortc.sponding positions. 

Triangles. To coiislruct an tspiilatoral triangle on a given 
straight hue AB, With centres A and B and AB as radius 
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(tig. 4) describe aics inlersccling at C. join AC and BC Then. 
VBC iy 1be triangle required 

To construct a tiiaiigle with sides 2-5 in., i'8 m , and 3 in. First 
'Fig. 3) diaw one side, .say. AB=3 in. as ba.se ; with A as centre 
AUd a radius of a- 5 in describe an aic, and rvith B as centre 



METHODS pF THIAKGLE COHSTRUBTION 
and !• 8 in, as radius, dcsci ibe anotlicr arc rutting the other in C. 
Join AC and BC, which coinpletr the triangle required. 

To construct an isuscelrs triangle, the base ATI and the altitude 
CU being given. Bi‘)Cct AB m li (tig 5 ) and at F erect a per- 
peiiclicuLir Ei'', equai to CD. Join FA and FB Thun AFB 
fe the tri, ingle required. 

To coil'. ti net an isosceles triangle having given tlie vertical 
angle CUE and the base AB. With D as centre and any con- 
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venient radius (Fig. 7) cut off DC equal to DE. J oin CIL At A 
and B rnalce angles each equal to ECD or CED. Then AFB is 
the triangle requEed. 

To construct an isosceles triangle, the I'erlical angle C and the 
altitude AB being given. Draw DE perpendicular to AR 
(Fig. S). Bi.sect the angle C. At B coi).slruct an angle on each 
Hide of AH, each etjual to half the angle C DEB is the required 
tiiaiigle. 

To construct a triangle the base AB and the ratio 2 : 4 ; 3 of 
the angles being given. Produce AB any length (Fig. 9). VVhth A 
or H as centre de.scrilic a semicircle and divide it into nine equal 
pints (2-f-4-h3) Draw AC through 2. Join A4. Through B 
draw DC parallel to A4, meeting AC in C. ABC i.s the triangle 
rerjuired. 

To construci a right-angled triangle, the base GH and liypo- 
tenuse CD being given. Take a line AF (Fig. 10) equal to CD 
as diainoter, and bisect it in E. With E a,s centre, describe a 
semicircle FBA With A as centre and CH as radius, cut the 
semicircle in H. Join BF and AB Then ABF is the triangle 
required, and it bus the right angle at B, 

To construct a right-angled triangle, tlic hypotenuse 2IB and 
an acute angle C being given. Bisect .AB in D (Fig. ii). With 
D as centre describe a seniicEcle on AB At A construct an angle 
BAE equal to C. Join BE, ABE is the triangle required. 

On a given base, AB, to construct a triangle similar to a given 
triangle, CUE. Make the angles at A and B respectively equal 
to those at C and D (Fig, 12). Then ABF is the triangle required. 

To construct a triangle, the altitude CD and the base angles 
A and B being given. Through C and D (Fig. 13) draw lines EF 
and GM perpendicular to CD. At C make the angle ECG equal 
to A and FCH equal to B, CGH is the triangle requEed. 

To construct a triangle, the base AB 1-75 in. long, the vertical 
angle C 30°, and the altitude I's in. bein^ given. Bisect AB in D 
{Fig 14) and viect a perpendicular at O. At either end of AB 
make an angle ul 0 o° (90“ — angle C, 30“), intersecting the per' 
pendicular at E. With centre E and radius EA draw the are 
ABFG. Draw FG parallel to AB and r'5 in. from it. Join FA 
and FB, ABF is the trhingle required. The angle at the centre 
is iilway.s twice the angle at the circumference, thus, Uie angle 
AEB is twice the angle AFB. 

Tu construct a triangle whose perimeter shall be equal to a 

{ 243 ) 



DRAWING AND DESIGN 25-25 


given line AB, and the sides in the proportion 2:3:4. Divide 
AB (Fig. 15) in the proportion 2 : 3 : 4 as shown. With D andC 
as cenlix'b, and I>A and CB as radii respectively, describe arcs 
inlorserting at E Join DE and CE. Then EDC is triangle 
required 


LESSON 25 

Quadrilaterals and Regular Polygons 

O uit Iasi Lesson dealt vMth the construction and uso ol 
scales and the constnictlon of triaugle.s In this Lesson 
we proceed to tlie conslniclion of four-sided figures or 
(|uiuh'ildterals and o£ regular polygons. 

I, To construct a square, the side AB being giv^en. At A 
md B erect the peipcndiculars AD and BC respectively, each 
equal to AB. Join CD 

2. To construct a square, the diagonal AB being given. Bisect 
AB by the perpendicular CD With centre E and radius EA, 
describo a circle cutting CD in C and D. Draw AD, DB, BC, 
and CA. 

3. To construct an oblong or rectangle, the two sides AB and 
CD being given. At A and B erect the perpendiculars AF and 
BE respectively, each equal to CD. Join EF. 

4. To construct an oblong, the diagonal AB and one side CD 
being given. Bisect AB m E With centre E and radius EA 
describe a circle. With centre.s A and B and radius CD cut the 
circle in G and H on opposite sides of AB. Join AG, GB, BH, 
and HA. 

g. To construct a rhombus, the side AB and one of the angles 
C being given At A make an angle equal to C, and make AE 
equal to AB. With centres B and E and radius AE describe arcs 
intersecting at D, Join“Bl) and ED. 

0 I’o constniet a rhombus, the diagonal AB and one side CD 
being given. With centres A and B and radius CD describe 
ares intersecting at E and E. Join AE, EH, BF, and FA. 

7 'i’o eonsti net a liioniboid, tlic two sides AB, CD, and an angle 
E ireing given. Draw FG equal to CD At F inalce an angle 
eipuil to E. Make F'J equal to AB. Ttirough J draw JH parallel 
to FG, and through G draw GH parallel to FJ, cutting JH in H. 

( 244 ) 


QUADRILATERALS AND REGULAR POLYGONS 

8. To construct a rhomboid, the diagonal EF and the two sides 
AB and CD being given. With centres E and F and radius AB 
dcscri))e arc-s on opposite sides of EF. With the .same centres 
and radius CD, describe arcs on opposite sides of EP inter- 
secting the first arcs in G and H respectively. Join EG, GF, FH, 
and HE. 

(j. To con.struct a trapezium, the diagonal AB and two pairs of 
equal sides CF and EF being given. With centre A and radius CD 
describe an arc, With centre B and radius EF describe another 
arc inf er.sccting the first in G and H Join AG, GB, BH, and HA. 

Bogular Polygons, There arc general and special niotliods 
(if constructing these polygons. The general methods, as in Figs. 

10, It, and i(j, apply eipially to all 

Qj _ ^ g particular polygons the 

special method is sometimes shorter 
and more accurate, as in Figs. 12, 13, 
I and 14. The following are important 

facts concerning regular polygons ; 

i. Lines which bisect the angles of 
regular polygons meet in one point. 


^ to 
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ivhich is ’the centio o> the finuro, and they divide the polygon 
into a numbc‘1 ol equal triangics In the hexagon these are 
eqiuUteidl (Fig i^), but in all other regular polygons they are 
iso.stelos (Figs 14, ig) 

ii. Tlif' centre o( the polygon is the same as that oE the circle 
lo which the Sides of the polygon are tangent (the inscribed circle) 
and also of the cirnihi'scnbed circle which passes through the 
angiiliu points (lugs 10-16). 

hi Tilt siuii of nil the inlerioi angles of a legular polygon plus 
tour liglil angles is rqiial to tn ire as inanv light angles as the 
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iigiire has sides This affords a ready 
method of constructing any regular 
polygon by means ot the protractor when 
the side is given — a tact made use of in 
surveying 

TO Ilia given ciiUe, to inscribe any 
regular polygon (Ajipioxiniate Method) 

Draw the diameter AH and divide it into 

the same number ot equal parts as the figure hci' sides (say, 
five) With A and Id as centres, and AH as radius, make arcs 
intersecting at C From C draw CD, always through the second 
diutsttfn on AB, cutting the cttcle in D. Join AD, which is one 
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side of the pentagon required. Set off AD round circle hnd join 

points as shown. 

11. Another Method. Draw any radius AB. At the centre 
A make an angle with AB equal to 360° divided by the number of 
side of the regular polygon required ; say, a pentagon. 

Thu,-!, ibo" -r5 =72“. Therefore, make the aufjle BAC^ye'’. 
Join BC, which is one side of the pentagon. Set off BC round 
the circle, and join the points as shown 

12. To inscribe a regular hexagon in a given circle (Special 
Method). Draw any diameter AB. With centres A and B, 
and radiii.s e(|ual to that of the circle, cut the circle in l, 2, 3, 
and 4. Join the points as stiown. 

13. 'J'o insiciihc a regular duodecagon in a given circle (Special 
Method). Draw two diameters AB and CD perpendicular to each 
other. With centres A, B, C, and D, and ruclius equal to that 
of the circle, dcscrilic arcs cutting the circumference of tlic circle. 
Join the twelve points as shown. 

Xji, H'd insaribB a j'qynhij octagon in a .jiveu DreJe ISpcciai 
Method). Draw two diameters AB and CD as in 13. Bisectcacli 
quadrant thus formed. Join the eight points thijs obtained. 

13. To describe any regular polygon about u given circle 
(General Method). Divide the circumference into a? many 
equal jui ta as the ligure is to have sides (say, five fcr a pentagon). 
From the centre C draw lines through each point. Draw AB, 
one of the sides of the inscribed pentagon. Bisect AB by the 
perpendicular CD, cutting the circunilerence in D, Through D 
draw tire tangent EF parallel to AB, cutting CE in E;, and CF in F, 
Make CG, t'.H, and CK each equal to CE or CF. Join F. G. fi, 
K, and E as sliown. 

16. On a given line AB to construct any refTular polygon 
(General Method), Produce AB, and with centre B and radius 
BA describe a semicircle, and divide it into the same number of 
equal parts as the figure has sides {s&y, five). Join B with 2. 
Bisect AB and B2 by lines intersecting .;t D, With D as centre 
and nulius DA or DB, or D2, describe a circle, fiet olf AF and 
FE each equal to AB. Join the points thus obtained. 

In this construction divide semicircle with the protractor. 
As there are 180“ in a scniicirde. divide 180° by t.he number of 
sides the polygon will have ; thus, iSo'’ -i-3 =36°, Thou make 
the angle CBt equal to 36°, and mark off Ci round the semicircle. 
Our Course in Drawing and Design is continued in Vaumie S* 
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LESSON 7 

Meat and Milk as World Products 

M l AT and milk enter into world trade in response to two 
ciieuinsl.im i-s The fust, on the productive side, is 
the need for some means of turning vast expanses of 
grass-land in less pofiiilated areas mfo property, the second, 
on the side of ronsuniption, is the n<cfsc,ity of providing foi the 
woild I woil ei ^ foods suited to their expenditure of energy 
flu gieat grass lands of the world are of two Irinrls both lack 
siilficient innistrur foi the growth of trees — the one having a 
stiov cover in wiiitei and tlu other wnrniish hut and vvinteis 
Doth 0' cur on a dry stdt of a forest region , the cold grass-lands, 
Known as prairie and steppe, are on the warm eqnatoiial side 
of the cold cotnkrfpiis and deciduous forests, and consequently 
penetrate into the forest elcaiings . the warm grass-lands — 
veld, (lampas, and d<pwns — lie on the cool side of the equatonal 
lores t, b( tween the forest and the hot desert 
Unti' cornparativelv recent years the praine, the pampas, 
and the downs, in Niirth Ameiica, South America and Austiaha 
respectively, were open spaces lelatively without population. 
On ranges, haciendas, and sheep runs, settlers let animals roam 
wild. On the range;* cattle were preferred to sheep , on the 
downs sheep were preferred to cattle Grarmg rights, water 
riglits, access to tiads to market, and other circumstances led 
to the delimitation of sections of grass-land as the property of a 
stock-owner and the laud became property, with a value as a 
potentral feeding ground for so many head ol animals Much 
grew to more and property nr laud, and the animals which it 
siistaim d, led to property m animal produce Slowly the interest 
of the stock-owiiei charged from attention to the mere dispo.sal 
of a Surplus pioduct due to a bountiful Nature, into caieful 
planning with a view to the laptuie and rutention of markets 
!oi the sale of stiilt deliberately produced for Stile This icsulted 
ill the deliberate feiicmg of the ranches and the conseiiuent 
impKivi meut m the lined of the animals reared 

This advance was accoropamed by a definite extension of 
railway and shippiiig iaulilies, for while amnraLs may tiavel 
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" (in the hoof ” to maikct, modem retjuiiements dmomid j leffidar 
supply, which hoof transit cannot maintain, coupled v/dh a 
([iiality of fondition on arrival -n-hlch the travelled animal cannot 
shrnv Further, the change has involved reorganir.ition to 
jji.untiLin a itgiilar demand for a regular output This has meant 
Ihe use of devil cs for dealing wuth a surplus oi glut of supplies, 
with Ihe consequence that most of the transpoit is now in the 
loim of meat and not in that of living iimmals , to accomplish 
this development icquired the invention of mechanical methods 
of i.uiniiig and preseivnu; meat, and led to the general adoption 
of me, if |icuking and refiigeiation itfeat packing is a praine 
(U vii e , lefiigeration was a New Zealand expedient. An ex- 
[1, on ion of tins Imsmess— which is a factory operation — is the 



— s>- cHyef urua of W2A Arexj. of distrlbutiDnCS) 
«port molten) jjjjjj Chief prodixctLon [03 


trade in tinned milk, meat extracts, etc., whereby much nutri- 
ment IS conveyed in small bulk 

Concurrently with this steady growth, which has now reached 
file stage when the piodurer of meat is anxious to cajole the 
hityer into extiavagance in meat consumption, there has been 
m vvesti'rn Europe the slow development of faiming on small 
riieas, merely, m the m.iui, to satisfy local needs. The great 
lancliei has tiled to cieate a maiket in the facci of local supplies. 
U\ advcrtisf'ment, by constant attention to improvements in 
fill quality and allurement of his proeiuct, and by a definite 
Mudeiaelhng, he has endeavoured to guai antes his sales. The 
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ranching' busiiK'.ss lias grown, Ijccause the increasing manufactur- 
ing peoples of Europe have enlarged their consumption of meat. 

The raucher, hcjwi^ver, ha-s had his own difficulties. The arable 
lurmer has steadily ouKted him from lands which were of yore 
near to the inarkehs, and the.se have now been turned into wheat 
larnis ; so that the world — i.e. the we.slerii world — has to face a 
glut both of cereals and of meat, and the con.suniers cannot 
enjoy this surplus bccaiise the tran.sport costs prohibit moveinoilt. 
Cost of production i.s out of harmony with cost of transport, and 
moviuciit ot .supplies is curtailed. 

Some Cattlo Statistics. The situation may be gauged by swiib 
rt-fen'iii'. 1o the niiinbnrs of cattle which enter efluctivcly into 
the meal trade — the cattle of India, which numbi-r over ton 
milhoii head, may be ignored in lliis couiiexion. lExcluditig 
Kuiisia, whicti has “jo uiilliou, theic arc loo milUon cattle iu 
Europe of whicli .some do million are located on the great 
European plain, i.c. in Germany, France, Rclgiiim, the Nether- 
lantis, Denmark and England. Two-thirds of the rest are in 
central Europe. From these cattle comes the local supply of 
beet and milk. Thi.s supply reaches those industrially centred 
niarheta where the people are wealthy enough — in consecpience 
of the 1 datively high wages of the tactory worker in comparison 
with the land labourer — to enjoy a diet ol meat and milk and 
wheat. Some 70 milUon head occupy the prairie ranches. These 
provide a local supply for the factory workers, etc., of North 
-America and a surplus for export : but the main surplus for both 
the western European and North American markets comes from 
the 70 million cattle of Argentina and Brazil. This means 
that meat prices will tend to be controlled by the conditions 
in South America. There are some 15 nidiion cattle in Austral- 
a.sia, but this uunilw.-r is not enough to weight the scales against 
South American diumiiaiice in the world's meat market. 

Dairy Products. The milk product enters into long-distance 
liaftic as coudensi'd or dried milk, butter and cheese. Trade in 
butter is simple , in general, local supplies meet local needs, 
Otherwise only Hiitam and Germany are importers; they are 
•Stippiu'd by Denmark and New Zealand, with the a.s.sistance of 
Australia and the Netherlands. Trade in cheese i.s almost 
equally .straightfoiward. As m rlie case of butter, Britain i.s 
tlie chief Iiuyer , then come Germany, France, Belgium and the 
Umted Stales. The Netherlands and New Zealand are the chief 
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sellers : then come Canada and Italy. Britain buys more 
of each commodity than all the other countries logether. 

On the whole, cattle are suited to a wider range of conditions 
than sheep , for example, cattle thrive in the warm grass-land.s 
of Brazil, in the cold grass-lands of the prairie, and in the humid 
COO' land of Denm<*rl£, as well as in Switzerland, with its tinned 
milk and milk chocolate industries. The diflerence m range 
between sheep and cattle may be noted in Australia, where the 
sheep are excluded by excessive heat from the northern districts 
mid stmt olf from the wetter coasts of the east, where the dairy 
cat tie flourish , in western Europe, where France has more 
sfieep than cattle, Germany more cattle than sheep, JJenmark 
and the Netherlands very few sheep, and where Britain has the 
largest numbers oi sheep of all. 

Mutton and Bacon. Consideration of the distribution of sheep 
involves attention to wool as well a.s mutton. The predominant 
importance of the loo million sheep m Australia rests on wool, 
but the 30 million head in New Zealand and, also, in Britain 
ate for mutton as well a.s wool. There are some 40 million in 
Argentina and, roughly, the same in South Africa, but the mutton 
trade is mi re important m South America. The mutton supplies 
of Britain and western Europe come mainly from the southern 
hemisphere, for the 50 million sheep of the United States do not 
supply much mutton to Europe. The production and trade in 
pork and bacon, etc., is more localised than the other meat 
produce. Pigs are limited in America to the United States. 
60 million, and to Brazil, t6 million ; and in Europe to Germany, 
24 nnllion, and 16 million in Denmark and France. Britain has 
fewer pigs than Denmark, Pork and beans is an American dish 
xvhtch con.sumes the local supply. Bacon, etc., are products 
ol the dairying industry with which they are associated ; hence 
the pigs in Denmark, where they are four times a.s numerous 
E-i they are in the Irish Free State. In, the United States the 
I'eaiing of pigs tloes not depend on the cattle, but upon the 
eircum.stance tliat maize is predominantly grown in large measure 
in the corn belt of that country on the warmer prairie land, 
I'inaily, the trade in eggs meats a little attention. It is, in the 
m.iin, closely related to the danwing industry, lot Britain and 
Germany are the chief buyers ot toiei.gn supplies, aud Denmark, 
the Netherlands and Poland are the principal exporters, with the 
Irish Free State next, 
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ranchinf.;’ businr'ss has grown, because the increasing manufactur- 
ing peoples of Europe have enlarged their consumption of meat. 

The ra.ndier, howevot, has liad his own difficulties. The arable 
fanner bus steadily ou.sted him from lands which were of yore 
near to the market.s, and these liave now been turned into wheat 
tarm.s : so tliat tlic world — i.e. the western world — has to face a 
glut both of cereals and of meat, and the consumers cannot 
enjoy this aurplus because the transport costs prohibit movement. 
Cost of prorluction is out of harmony with cost of transport, and 
mov'-ment ot supplies is curtailed. 

Some Cattio Stati sties. The situation may be ganged by some 
referenc. to the rnirntiers ot callle which enter effectively into 
ihe meat I rade-— the cattle of fndia, which number over loo 
million licarl, may be ignored in this connexion. Excluding 
Kussia, which has 50 million, theio arc loo million cattle in 
Europe of which some Go million are located on the great 
European plain, t.e. in Germany, France, Belgium, the Nether- 
lands, Denmark and England. Two-third.s of the rest are in 
central Europe. From these cattle comes the local supply of 
beef and milk. This supply reaches those industrially centred 
niarlrcts where the people arc wealthy enough — in consequence 
of the I datively high wa.ges of the factory worker in comparison 
with the land labourer — to enjoy a diet ot meat and milk and 
wheat. Some 70 million head occupy the prairie ranches. These 
provide a local supply for the factory workers, etc., o£ North 
America and a surplus for export ; but the main surplus for both 
the western European and North American markets comes from 
the 70 million cattle of Argentina and Brazil, This means 
that meat prices will tend to be controlled by the conditions 
in South America. There are some 15 niiliion cattle iii Austral- 
asia, but this number is not enough to weight the scales against 
South .American cloniinaucc in tlie world's meat market. 

Dairy Products. The milk product enters into long-distance 
traffic a-s condensed or dried milk, butter and cheese, 'Prade ir 
butter is simple , m general, local supplie.s meet local needs 
Otheiwise only Brilam and Germany are importers; they art 
supplied by Denmark and New Zealand, with the a.ssi.stance o 
.Australia and the Netherlands. Trade in cheese is almosi 
equally straightfoi ward. As in i-he case of butter, Britain 11 
the chief buyer , then come Germany, France, Belgium and tin 
United States. The Netherlands and New Zealand are the chie 
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selteis ; then come Canada and Italy. Britain buyb more 
of each commodity than all the other countries together 
On the whole, cattle are suited to a wider range of conditions 
than sheep , for example, cattle thrive in the warm grasi-lands 
of Bra/il, in the cold grass-lands of the praine, and m the humid 
cuoi land of Denmi-rk, as well as m Switzerland, with its tinned 
nnllc and milk chocolate mdustiies The difference in lange 
bctwi'i n sheep and rattle may be noted in Australia, where the 
bhiep are excluded by excessive heat fiotn the northern districts 
and shut off Irnin the ivclter coasts of the east, where fhe daily 
caltle flourish , in western Europe, wheie France has moie 
slieip than callle, Germany more cattle than sheep, Deiimaik 
and the Nethoi lands very tew sheep, and wheic Britain has the 
hugest iiumhers of sheep of all 
Mutton and Bacon. Consideration of the distribution ol sheep 
involves attention to wool as well as mutton. The predominant 
importance of the too million sheep in Australia lests on wool, 
but the 30 million head in Netv Zealand and, also, m Britain 
aie for mutton as well as wool. There aie some 40 million in 
Argentina and, roughly, the same in South Africa, but the mutton 
trade is more important m South Amenca The mutton supplies 
of Bntain and western Europe come mainly from the southern 
hemisphere for the 50 million sheep of the United States do not 
supply much mutton to Europe. The production and trade m 
pork and bacon, etc., is more localised than the other meat 
produce Pigs are limited m Amenca to the United States, 
60 million, and to Brazil, 16 million , and in Europe to Germany, 
Z4 million, and 16 milhon in Denmark and France Britain has 
fewer pigs than Denmark. Pork and beans is an American dish 
■which consumes the local supply Bacon, etc , are products 
ol the cldiiying industry with which they are associated , hence 
the pig.s in Denmaik, where they are four time- a.s numerous 
as they are m the Insh Free State, In, the United States the 
icanng of pigs does not depend on the cattle, but upon the 
cirruinstance that riiai/e is predominantly grown in large measure 
in the corn belt of tliat country on the warmer prairie land. 
Finally, the trade in i-ggs ineiits a little attention It is, m the 
miiin closely related to the dairying industry toi Bntain and 
Gel many aie the chiet buyers ol toreign supplies, and Denmark, 
the Netherlands and Poland are the principal expoiteis, with the 
In.th Free State next. 
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LESSON 8 

The Ocean’s Contribution 
to Human Welfare 


r’l^o FSritonsi there is romance in the fisheries. The tlioiight 
I of tlie trawlers on tlie Dniitjer, the dories on the Grand 
-®- Ihink.s, Uic whalers amid the ice floes, sni;jvest.s bravery, 
liji'lilude, coiilinuous conflict with har.sh Nature and wmliiinnii.s 
victory; it thus stirs the piiiLse to admiration of those who 
leap the harvest ol the deep waters. The urge that persisted 
throughout luiropo fluring many cenlnries to isupplemetu a 
meagre diet of tloah. wfiich became unappetising as the winter 
wore ou. with a wecldy meai of fish caused hardy fishermen, who 
tha AHaiitic in mere cnMe-sheDs, to mahiy the ocean a 
highway to Nature's stores. Bretons and Britons frequented the 
Granrl Banks ; Scots and Scandinavian.s, among others, sailed 
the .sGa.s to the -south — and all sought fish. 

It i.s still an item of news that the Scottish fisher girls make 
their annua) pilgrimage along our eastern fishing ports to gut 
the herring and pack the salted fish. Modern conditions which 
provide the trawlers with tenders to deliver the catch, which 
supplement the barrel of salted fish with the canning process, 
which provide a railway service for the rapid delivery ol perishable 
fresh fish for the food of millions of factory hands, have not 
withdrawn the romance that pertains to fish. 

The fishery seems, at first sight, to be one of the occasions 
when a bountiful Nature yields the toilers something for nothing. 
Possibly in the old days, when fish had no important competitors 
a-S an article ol diet, d was true that the fisher’s catch was a lucky 
strike and not a reward of patient torethought. This may still 
be true in primitive communities, but nowadays the fi-sherman 
IS not a mere maraiidw. Failure often comes that way The 
Ions of fish which d is necessary to catch to make the fisheries 
pay their way m conqietHioii wnh other industrial undertakings 
are not found by chance. The fisdi must be sought when and 
where they i>ccur in gigantic shoiiis. or they must be awaited 
in areas which they habitually frec|uent at certain times. The 
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fisher is now selective ; ail is not fish that comes to 'the not. 
In ilie interests of the future the maturity of the fish abstracted 
from the sea is vital ; in the interests of the market it is not 
worth wfiilo to load the boat with fish which cannot be sold, for 
the c(jn4umor of lish tends to be very conservative. 

Two Great Fisheries. Obviously, then, fishery must he 
oifiaitizcd with the same care as any other commercial uiuier- 
talfiriff. Tlxire ai(^ only two major sea fisheries : the Grand 
Hi'uilw oJf Newfoumlland and the British and Norwegian .seas, 
Jiiitli are due to a single phenomonon. Were there no Gull 
Sin am, flistribeling wateis warmed by tropical suns as far 
noith as the edge of Ihc cold oci'au currents, wliicU bringmclted 
aca in.‘ and lloaling sea ice towards the warmer latitudes of the 
Atlantic Oceau — in other words, wi're the north Atlantic basin 
of any other configuration, the deep-sea fisheries would be else- 
where, if existent. Fish food, which consists ol minute organisms, 
i.s plentiful and thrives where warm waters melt cold ocean 
currents i food fish are plentiful where fish food abounds. 
Obviously, the latter is distributed in the sea waters seasonally, 
for both the contributory types of ocean current are sea.sonal 
in theii range and intensity ; consequently, the fishery is a 
seasonal busine.ss, and the height of the fishery season varies 
in different areas. The herring fishery maximum comes down 
the North Sea a.s the summer advances, and feverish activity 
prevails at the cast coast fishery centres from Wick to Yarmouth 
in succession. 

Organization and Marketing. This leads to the que.stion ; how 
is the fi-shery managed ? The fish reach the land in gluts or 
spasms. The whole fishery organization is controlled by this 
fact, for too great a catch means too cheap or even valueless 
fisli, The boats mu.st be handy, quick in movement, and certain. 
Once caught, tile fi.sh must be landed quickly. Hence the use 
of .steam trawlers • but this necessitates coal or other fuel, and 
mi'.uis that the overhead charges on the iildustiy tend to increase ; 
fishery is therefore a business in which it is necessary that capital 
he mve.stcd. 

At the port tlie landed catch must be handled expeditiously. 
Suhirient labour must be available to prepare the fi.sh for the 
maiket. Henco the proce.ss ol fpithng and salting preliminary 
ti I packing in barrels for long-di.stancc transport ; the processes 
of packing in ice as perishable good.s for almost immediate sale; 
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the processes of curing or smoking for preservation ; the most 
modern processes of hygienic canning for preservation more or 
less indefinitely. Dc.spitc the fact that the port organization is 
rvell developed for these puipobes, it sometime.^ happens that the 
catch exceeds the capacity of the port and fish is wa.sted. 

Probably the most impcirtaiit aspect of the fishery is not the 
actual hiisine.s.s of catching the fish but the marketing of the 
catch. Tiic port must he in intimate touch with the markets. 
Hence the transport by sea, rail, or road must bo adequately 
organired to deal with sea.sonal and intermittent rush traffic. 



{IHDCHIErFISHIHG GROUNDS eaCod- Herring (cKuif FtsHunq qroumli 
onlj) SSolmcn «»VK(iJ.e *SeaI KS Sponges oPeorLs 


But no market can be indefinitely expanded at will, tience the 
port organization must be in close touch with the markets in 
order not to send them an overstock ; and the prime business 
at the port is the e-xtension of the uiarlceting area, which means 
an even greater development of transport. The fishmonger’s 
exhortation to “ eat mqre fish ” is merely thrashing the air unle.sa 
the fishery organization is adequate to supply the retpiisite fish 
in a ateady commercial stream. Obviously the fishery is both 
dependent upon and due to the development of a high .state of 
organization in a numerous and highly-organized commorcial 
community. It is not an accident that the exploitation of the 
two great fishery ground.s occurs iieai the two great populous 
industrial and eoinmercwl communities of western Europe and 
eaatcin North America. 
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Associated Products. Deep sea fishery depends, in tfie main, 
upon herring, cod and halibut. The other fish — mackeiei, 
pifcliard, sole, plaice — are accidental concomitants. Cod-liver 
oil iia.s long been a valuable product ; it is a recognized source 
of the essential vitamins A and D. Herring, ui season, have 
always tended to be a cheap but highly nutritious food ; kippers 
and bloaters are favourite smoked vanations. Associated with 
th(.".e is the trade which has grown rapidly in sardines and 
tjri.shug, etc., canned in olive oil, and the fish [lastes potted, tinned 
or glassed a.s delica(:ie.s and alternatives for jams and con- 
frctionei-y, 

'file fish oil iiulustry has always included whale ml as well 
as oil hoin cod and herring- — either true herring or iiieiihation (a 
species of shad found oft the east coast of the United States), 
Whales are sought usually m the coldci orcanic waten.s, 

Ftshcrles of the Pacific, ft might be anticipated that fisheries 
would develop in the North Pacific Ocean along the eastern and 
western shore, s in comparatively similar localities to those- of the 
North Atlantic Ocean ; for oft Japan am! British Columbia 
the oceanic waters are similarly related to the warm ciu rent off 
the Pacific Ocean, the Kuro Siwo or Black Stream ol Japan. 
Such an expectation tends to tail because the Pacific iTsh are 
neither herring nor cod. On the American coast, however — in 
Alaska, in British Columbia, and iii the neigh bourin,g areas ot the 
United States — the fish are salmon, which frequent the seas and 
the rivers, and are most easily caught in the rivers , the Fraser 
and Columbia rivers and Kodiak Island are familiar names to 
consumers of tinned salmon. Here, agam, the fisliciy has called 
for a substantial organization. The fish are caught automatically 
in the rivers when the shoals prevail, and the product — tinned 
salmon — is boxed ready for transport after manufacturing pro- 
cesses, most of which are mechanical. 

Oyster, crab, and lobster fisheries weie originally local. The 
canning indu.stry, for ever seeking tresh" foodstulis for its tins, 
has given to the shell-fishei'y a wider market. Caviare from the 
Caspian, sponge from the Medilciraiieaii and the Bahamas, 
pearl.s from the Orient, constitute local fisheries lor the production 
and marketing of luxuries. 
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LESSON 9 

The Staff of Life in the Orient 

P ADDY ficlrls — the term conjures up pictures of the romantic 
Orient. A flat valley floor laid nut in chequer-board 
style, with the spaces, squares or rectangles, of water- 
covercfl mud, and the lines, the separating mounds of drier mud; 
coolies lightly clad, with heads shielded from the sun, bending 
over the ptant.s as they work ankle-deep in the mire ; or a firefly 
flitting over a Japanese vale, which resolves itself upon closer 
iiisiioction into a peasant brushing insects from his precious 
rice plant with a camel-hair brush by the light of a pendant 
paper lantern. Paddy, or padi, is rice in tiie husk. 

Rice differs from the cereals of western Europe in that it is 
native to Asia and Australia. It is deficient in bread-makiDg 
qualities, and is used either baked or boiled and unleavened. 
It is aquatic in its habit, and requires water protection during 
growth. Its by-products are an intoxicant, sak6, in Japan, 
■itarch in the west, cattle food from the offal, plait from the stem. 

Chief Rice-producing Countries. About two-fifths of the world’s 
rice is grown in British India and adjacent Burma, where the 
yield of the Irawadi valley Ls extensive and important for export 
purposes. Japan comes next with a twelfth ; then Indo-China 
and the Dutch East Indies (Java), each with 4%, and Thailand 
(Siam) and Korea next, each with 2%, These values ignore the 
production of China, about which there are no reliable figures, If 
it may be assumed, as is possible, that the yield in China equals 
that of British India, then these values should be reduced by 
about a third. 

Rice is largely consumed locally ; vast quantities are imported 
and e-xported for tlic iater-trade of Asiatic countries, and much 
smaller amounts for tlie rest of the world. Tin; exporters are, ; 
first, India and Burma, with 10 parts ; French Indo-China, Korea, 
and Tiiailand, each with 5 parts ; Formosa, 2 parts, and Malaya,, 
I part, leaving the rest ol the producers witli 2 parts between 
tlnnn, making a total »if flo parts. The Asiatic impirters are ; 
Japan, with 8 parts ; Malaya, with 5 parts ; China, with 4 parts ; 
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STAFF OF LIPF IN TIIF ORIFNT 

(cv\on and the Dutch East Indies each with ^ paits This maltes 
,l toDI of 23 parts loiisrh!} three-q uat U rs of tlir total leaving 
the rest foi western Europe and the West Indies mainly Cuba 
The impoitcis in Western Europe beginning with the largest 
biivtr i,re Getmaiiy France Roll ind Dritain Poland 
A tvpual piodunng area is Bengal Patna nee isa trade name 
/t IcasI half the cropped area is devoted to paddy There are 
Kio orjo sipiare miles q1 stone less sod utibrolteii bv any elevation 
— piactiealH Ireeh ss black alluvium of super ibundant fertility, 
(imlimnllv enruhed by nverme lloods In Bfiigal the iictded 
vatir is supplied 1)3 the monsoon lains which (.omi ivitli a 
‘ hurst iisii dly ui mid June, and contmiR m 1 succession of 



JafjutiKBSBSiBSB® Irtdo DutdiE Indies sasraa Thailand saw 

Koreo. sem Philuiliin-C B Formosa 00 BrctztLai UmUilStolxs® 


cyclones penetrate the Ganges lowland iroin the Bay of Bengal, 
rti h a ni.ixiniuin in July and Viigust falling away in September 
and (mishirig iii October during this period a soaking sod 
dtains between tht down^iours under a scorching sun the rams 
may be localized 111 the aiea and palchi s iaa\ be dry so that in 
bfptrmbir which is a critical lime th* jilants may lick watei 
and shiivil in till increasing drymss at the an if watei cannot 
hi supplied troin irrigation chinncls the crop fails Ov main 
triqi o c died winter ncc is reaped troin Nov cmbei tojanuiry, 
i indhi irofj ot early ncc is cut bclwtin July and bopttmbex, 
and 1 culls spring net is obtained in \pril I his ciopfimg is 
nlits 1 to the thrit seisotis riu hot si a on \£ in ti to June, is 
u‘'Uss the wet season Jiim to Oriobei supplies the water, 
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STAFF OF LIlfE IN TMh ORIFNT 


Cev'lon and the Dutch East Indies each with ^ parts This makes 
,i tolt'l of 23 paits roui^hly three-qu alters of the total, leaving 
the, rest (01 wostfrn Cm ope and the West Indies mainly Cuba 
The impoiteis in Western Europe beginning with the hugest 
buyer ire Getrnaay Fiance Holland Bt itaiii Poland 

A t vpii al producing area is Bengal Patna 1 ice is a trade name 
At hist half the cropped area is devoted to paddy There arc 
inoiioo square miles ot stoneless soil unbroken any elevation 
- practically tiecless black alluvium of superabundant teitility, 
umliiui illy ennclud by nvcime floods In Bi iigal the needed 
vvatir IS siqi| lied b) Ihi monsoon lams which come with a 
' Iniist usually in mid June and continue m a succession of 
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cyclones penetrate the Ganges lowland Ironi I hr Bay of Be iigal, 
ri ich a nuxiinum 111 July and August tailing away in September 
ami hmshing m October during this period a soaking soil 
stt ims between the downpours under a scorching sun ihe rains 
may be localized in the area and patches niav be dry so that m 
Sfpternber which is a critical lime the plants may lack vvatei 
and shuvd 111 the iiicreismg diyiitSb of thr an it watei cannot 
bi siqphrd Irorri irugation channels the crop tails The mam 
(lop >0 callcvl winter net is reaped tniin November to janu uy . 
a sniallci crop ot tally rice is cut between July and StqitcmDei, 
and a coast spring rice is obtained in April Ihis eiopping is 
nlib'i to the thr< c scistms I he tint sci'-on ''larth to June is 
usuicss the wet season, Jnnt to Ortobei, supplies the water, 
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and the Cool season, Noveuiber to February, is the reaping time 
for the main crop. 

In India an inferior nee i.s grown on terraced irrigated hill- 
tticles. In Japan, wliere lowland is .strictly limited, the hill- 
sides are ntilired for crops of superior quality, and Japan exports 
some better qualitv rice in exchange for larger quantities of 
cheaper rice. 

Food Grains of the East. It i.s a mmtake to suppose that rice 
is the sole or even the duet tood grain of the oast ; the gigantic 
crops which arc giown in the oxlen.sive suitable arca.s are in- 
siillicieut for the toeniing niillions of the fiood-swept alluvial 
plains oi Ibf (huigc's and the Yangtze, liven in Bihar, a neigh- 
bour of licngal, most of tiu; people live on cereals — maize, wheat 
and bnirlcy, oi on puhes and millets. The millets arc lamy 
season crops, and the pulses, such a,s gram, are cold .season crops. 
In the Punjab the cliiet food grains are wheat, gi’am and bajra, 
and millet ; nee comes fourth on the list. In Madras— where 
about four-fifths of the cultivation is devoted to the food-grams — 
rice, tliough the chief cereal grown, is only a quarter of the supply 
Next comes millet, followed by red ragi (raggee), a cultivatec 
grass. In japan soya beans are a staple food. 

The preparation of rice is not dis.siniilar from that of wheat 
The first process is tfie separation of the grain from the stalk, anc 
in India employment is provided for some of the many miilionf 
of cattle in treading the gram out on a threshing floor. The 
winnowed clean paddy is then husked ; the husk is used ir 
Burma, for e.xample, as a fuel or tor the manufacture of produce! 
gas. Bran is then retnox, ed from the rice by a process of skinning 
the bran being utilized for cattle food. The skinned rice is nov 
white, and i.s po!i.shed for the European market. Outside thi 
ea.st. rice is grown iii the valley of the Po, in Italy, and in the 
swampy area.s near the delta of the Mississippi in the United 
•States. 

Sago, a somewhat .-.ifnilar article to rice m the British diet, 
Comes from the East fnciics, Borneo and the neighbouring 
islands produce this farinaceous food, which is made from the 
pith of an indigenous palm. The preparation is simple and is 
the work of natives ; the yield per tree is enormous. Singapore 
is the diicf roJltv tin;; rentrv for the mediocre trade in sago, which 
IB used by the manufacturers of starch and cocoa. 

Rice pafX'f is normally not produced from rice, although some 
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paper is made from rice straw in Japan. Rice paper* is made 
from the pith of a shrub which grows wild in Formosa ; the 
shrub attains a height of about 8 feet, and the sheet of paper is 
sluaved from the. pith, 

Food Crops of China. Despite the unreliability of the in- 
formation concerning China, some reference to that country is 
imperative, Rico does not enter into the economy of northern 
fihiiia, the land of the yellow River; there wheat and millets, 
with the inevitable soya bean — sometimes called the " universal 
friod pr()vi<tpr,“ so rich is it in nutriment — are the food sources. 
In ci.'iil.ral anrl southern China, the lands ot the Yangtze and Si 
rivers, jiossiblv two-thirds of tire people rely almost entirely on 
rice. Cultivation is of the most intensive character. The 
flooded latui is heavily manured with animal and human excreta 
spcrially prc] 3 aivd during several months ; it is utilized for catch 
crops, whiki the young plants are growing in nursery fields ; 
the transplantation is tedious, being stem by stem. Every 
square loot ol available soil is used. 

In some of the rice-eating area.s there is a population density of 
over 6,000 per square mile, i.e. about lo to the acre, and these folk 
live on what they grow. In famine years they stai-ve, bccau.se, 
for many rea.sons, trade, even for famine-stricken distT'icls, is 
almost impossible. In good years there is a glut, as they make 
no attempt to sell the surplus ; the peasants will steadily over- 
eat to the extent of twice as much rice a.s they need. Obviousl3’', 
there i.s no .saving, no margin of livelihood against the lean years. 
Ten to the acre is an e.xcessive den.sity of population for a folk 
which subsists on the produce of its own fields. 

LESSON 10 

Sugar’s Place in World Economics 

occinomic conflict between the JjroJuce above ground of 

I the steaming tropical soils under a sultry sun and the 
-®- yield below ground from the temperate soils in a dank 
atruo.ipluuv under a watery sky, is exemplified in the relative use 
of rice and pol.atofia as human foods ; it becomes definitive in the 
■strugglo between the .sugar cane, which is a cultivated tropical 
grass, and the .sugar beet, a tcmpei-ate root cropi, to supply the 
workl’.s demand ft)j' sweetnu-ss. 

( ) 
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The sugar cane ia prodnctlve in the areas suitable for Ui,; 
extensive growing o£ rice, being cultivated in a groat heat in 
moist soils ; it differs from rrre in that its stem is the source of 
the commercial product and its root is perennial. Under favour- 
able coiKlition.s it may be productive for thirty yeais, though five 
yeans is the usual limit. The sugar beet can be grown effectively 
where potatoes yielrl well, and is a welcome addition to the 
possible harvests on ttie poorer soils of western ILurope, where 
catllo arc roared and wheat is not successful ; the rcfin'o from 
the su'far factory provides stock-feed. 

The production of sugar for the European markets is an 
organi/i;d liiisiiiess Its varieties, in form, are loaf or granulated : 
in colour, white, yellow or brown : in tc-xture, cry.sUlliiie or 
powdornil. All varieties indicate the necessity foi factory 
operations , wliilc tlie processes of extraction and treatment of 
the juice require operative skill and export chemical knowledge, 
There is a vast difference between a modern beet .sugar factory 
of the type recently established in East AagUa and the crude 
arrangements which prevail in southern India, where sugar canes 
are a feature of the landscape. There a pair of bullocks attached 
to a pole amble ui a wide circle to cause a rotation of rollers which 
press the juice from the canes : the whole proceeding takes place 
in the open air, witli its consequent dirt and dust. This native 
industry produces jaggery or raw sugar, country sugar and 
molasses mainly for local consumption, and the quantity is 
difficult to enumerate. Sucli tropical and typical crudity is in 
striking contrast with the conditions in the lone island of 
Mauritius, which depends for its existence almost entirely upon 
its exjxirt of sugar. Theie the cane sugar has dominated the 
settlement of the island, its changes in population — for it has 
required the importation of labourers — the construction of its 
roads and its railways. 

Baot Sugar Industry. The industry connected with sugar beets 
ia little mure than a century old and depend.s almost entirely 
upon the chemist, for the juice of the roots is chemically distilled 
ami not. mecluinically c.xpicsscfl. The most sti'iking fact con- 
ceniing .sugar is its lucrem^ed consumption. In Erance — for 
ejcaiiijile, in 1840— the consumption was about 6 lb. per annum 
per bead of the pujmlation ; by iSyo this was doubled, and by 
loot) IreMcd, while at pie'-ciit the consumption exceeds 40 lb. per 
head aniuially. Home production of beet sugar accounted for 
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thflse totals in [840 by merely a. quarter, in 1870 fey three- 
1, uarters, and since 1870, except during the period oi the Great 
VVar France has generally produced as much sugar as was 
consumed in the country. This equality, however, did not mean 
that in France all the .sugar used is beet sugai', foi there is an 
export of about a quarter of the beet product in exchange for an 
o((mvalont in cane sugar. 

So great an increase in consumption has been met by a develop- 
ment in production. At the beginning of this century it is 
(I that ttie siipplie.s of sugar, almost equally beet and 



cane, amounted to alxrut 12 million tons, which wag ten times 
the yield in 1840. Of the beet .sugar, France, Austria-Hungary, 
and Russia produced almost equal quantities, while Germany 
oiitaiued about twice the yield of one of the three . India produced 
more tlian half of the cane sugar. Half this output of sugar 
entered into the world's trade; Britain and the United Stales 
each imported about a .sixth of the tota!*supplies. 

Growth In Sugar Production. Since tgoo the production of 
beet sugar has been doubied and that of cane sugar quadrupled. 
While the nutpul in Germany jiroper and France has but slightly 
increaiii'd, Russia and Austria have doubled their yield, and new 
producers are imjiortant. Pnlaiid, Bohemia-Moi'avja and the 
(Initi'il .Stutf's now each manufacture at least as much beet 
niigar as France produced in igoo. Similarly, in the case of cane 
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sugar, India and Mauritius liave increased their yield but slightly, 
while Ctilia has advanced to the chief place. This island ha.s 
more than q uadrupled its crop of sugar caue.s, and a .similar 
advance has taken place in jriva, where the total yield now almost 
equals that ol Imlia. honnosa, Puerto Uico, Hawaii, and the 
Philippines now (‘ach produce a.s much sugar from the cane as 
Poland produces trom the heel. Some of the changes are rliiectly 
attrihutablc to the needs of the Hinted States. Thins the growth 
of production of i ane sugar in Cnfia, Hawaii and the Philippines 
is connected with an e.^tiaoidinary rlevclopment in the United 
States thenn.elves , while Ihe States have persisted in a niudinere 
crop ol canes, during the last thirty years the viehl ril beet sugar 
bus grown from [iiiu lie.iHv nolhin;; to an equality with Austria. 

Statistics of Sugar Coiisuniptlon. In Aiisliaha, chiefly in 
Queen.slnnfl, the yi'Id of cam; .sugar has been quadrupled rkiring 
the ccntiuy, and ui the Ihiion ol South Atrica the yield ha.s grown 
from tiny ainomU.s in moo to an equality with the yield of 
Argentina in 1930. At present the United States tends to 
clmninate incri'asmglv tlu 'vorld's sugar markets ; the total 
consumption in the State.s exceeds that of Europe, and Ls 3^ times 
as great as Ihat ol Pirituin and 5 times that ol Germany, the 
two neare.st cornpi liters. 'Ihe consumption per head of the 
population in the States is about too lb. annually, whereas that 
m Britaui is but 70 lb. and in Germany only 35 lb. per annum per 
head. Fxcept in Denmark, where sugar is consumed at the 
*llriti&h rate, Uic test of western Europe — France, Holland, etc. — 
consume, s sugar at the German rate. 

Thi.s increased couhumption is a reflex of modern tendencies. 
T he r-ating ot sweet meats — candy in the States, chocolate and 
bndf'd sweets in Europe ; the larger u.ses of sweetened tea and 
coffee a.s bcvernge.s , the growing production of jams and 
ninmialade . the notable de\elnpmoiit.s in the preservation of 
fruits in cams and bottle.s— these are all factors of contributory 
impoi'lunce. Golden syrup, black treacle, molasses and rum are 
subsidiary bv-pioiliicts nt sugar. On a very minor scale, .sugar 
is obtained from palms and from the maple. 

The presence of what arc really innucuous impuritie.s left in 
the maruifai tnnng processeii is responsible lor the dittcrences in 
I'olmii ami Uavuiir which distinguish certain varieties. Beet 
■algal rciuiers, lor exatuple, by the deliberate addition of colouring 
mates'udri tu the pure winte beet sugar normally produced, seek 
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to imitate Demurara, the favourite cane prodiict. The siagar-loaf, 
a glittering crystalline cone, commonly wrapped in blue paper, 
and once a grocer’s exhibit, has almost disappeared from common 
ken ; ite peculiar shape, due originally to the shape of the earthon- 
ware vessels in which, under primitive conditions, the juice was 
set to coo) and crystallize, is retained in mmd by the titles given 
to volcanic, cores winch exist as mountains, notably in the harbour 
of Kio rle Janeiro and in county Wicklow in Ireland. 

Ifi-itoricaliy, the .sugar industry has been associated v/ith many 
changes. It was respuiisible for much of the prospei'ity of the 
iirifi-iU Wed Indies, witli tluj consequent development of British 
!.hi[)pin(' in the. Atlantic flceaii, and the importance of Bristol, 
faverpool .'ukI Gla.s,gow as seaports. The beet sugar industry 
owes its iiii'' and original stiinulii.s to the Najioliiomc and other 
Euiopcan w;u3 of the early mneteenfh century. American desire 
for candy hiu. its reflex in the colonial policy of the United States, 
which has hetju directed to the acquisition and control of those 
sources of neces.'iaty raw nuiterials which lay in acquirable lands, 
chiefly in islands relatively close to American shores. 

LESSON II 

Fruit: Its Growth and Distribution 

I N Britain we are familiar with the produce of our own orchards 
and market gardens, vvith our soft bush and ground fruits, 
and with the tree fruits, such as the apple. Kentish 
strawberries, Pershore plums, Devon apples, are characteristic. 
Apples, pears, cherries, nuts such as Kent cobs, red and black 
currants, gooseberries, strawberries and the like find their way to 
the shop and the table in season 

By rea.son of our over.sea.s trade and our shipping we are, in 
ail probability, the greatest importers »l fruit in the world. In 
earlier days we turned to the Mediterranean for supplies, and the 
Christmas trade of a generation ago brought to the shops oranges, 
fen ions, fig,s, prunes, laisins, sultanas, and currants This trade 
mcfuit the u.se of various devices to preserve the trmt m condition 
for the journey, and Ihe system of drying fruit enabled us to 
have dato.s, figs, raisins, etc. We were not able nor did we then 
feel the need, to inquire closely into the hygitmic conditions 
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which v/ere present, or lacking, when the fruit was being 
prepared for its ioiirney. 

Apple cultivation spread to North America and elsewhere 
with the resnlt that American and Canadian aiiples arrived in our 
markets As ttie cu!tivatif)n of the orange spread — tangerines, 
mandarins, seedless and Jatfas are commercial types — we obtained 
supplies from many sources, though we still relied upon Sicily for 
lemous. Soft fruits, such as peaches and apricots, were at first 
rare, but the tanning industry soon enabled American fruit 
of this character to lie extensively marketed. Pineapples from 
the tropics came also in tins. Once they were packed whole ; 
now ttiey are sliced, or cubed, or chunked, in order to sell less 
than a wholci fruit at a time. 

Then came the lianana industry. At first a seasonal trade was 
developed from near-by sources, such as the Canaries ; later the 
traffic was organixed, with substantial results to the growers in 
the We.st Indies and Central America, and definite transport 
provision in the tiolds of ships, as well as systematic handling 
and storing equipment at the British ports of arrival, ail of -which 
is symbolized m the trade label Fyffe.” 

Wittv-all this growth of traffic, however, in the northern hemi- 
sphere we suffered during the off seasons from short supplies, and 
the consequence was that gi'owers in the soutliern hemisphere 
have .steadily increased their exports, both in quantity and 
variety. Tasmanian apples, Australian dried fruits, South 
African oranges and plums arrive to fill the gap. Tastes change 
or are developed — witness the rise in tlie consumption of the 
tomato, and in more recent times, of grape fruit ; witness, by 
contrast, the failure of the pomegranate. Desiccation was tried : 
apples, pears apricots, etc., were deprived of water content and 
sent overseas, for use by the conk in time of scarcity. 

Canning and Bottling, Canning in juice grows stondily, 
and the British grower ri now finding opportunity to utilize the 
extra crops ol stone fruit which happen spasmodically . as well as a 
chance to secure a steady market at a remunerative price ; his 
produce can be held over to the off sea.son. Bottling selected 
fruits was prai-fised, but the canning industry uses fruit of less 
expenaive quality. The manufacturer also uses fruit extensively 
in thf production of jams, jellies, inarmalailes, fruit juices, etc, 
The production of ketchups, etc., is an allied industry. 
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All ‘iorts of devices arc tried tor the purpose of carrving the 
fimt. cnti lung distances to the consiuntr Most of theic devices 
iinulve iiidLlimery, with the inevitable result that hygienic 
conditions receive attention and the label " untouched by hand ” 
hi < omi s a useful testimonial 

Geography of the Fiiilt Industry Gpogiaphically, the txuil 
trade instances the modern tendenej to dcstroj or nullify 
fht gto.,iaphi(.d controls Choice fiuits from diffeient climates 
foiiipili m Untisli marLcts, seasonal elk cts have disappeared, 
mil di 1 111(1 1, almo.l sit -it n.iiiglit 'Ihe apple gioivei of East 
Anglia (l(piiid, foi his pricis in part upon the crop which 



Auianca produces , the West Indian banana plaiitation depenids 
for Its prosperity upon the mamlcnance of an effective demand 
in But.iiii for the kuit, a maintenance which depends upon 
estensue advertisement 

I hi lollouing summary is to be taken as meiely uidicative of 
thi cliief tendencies and circumstances obtaining m the fruit 
industry 

/ipp'e tempeiate trees. Wortestsushire , Herefordshire 
Divoii. Nova Scotia Tasmania 
Apncol blone fruit temperate tiees France: candied, 
fined pulped (aimed kernel used for its oil 
Banana tropii..d sub IropicaJ herbaceous sometimes zj ft 
high West Indies, Canaiies 

Ckufv temperate trees . Germany, desseit fruit, houenra ■ 
oil troiu kt'uiels 
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defer: fermented apple juice : Brittany: Devonshire; Heretoj-,;} 

CHron . fruit yields thick peel, candied in Italy ; citron oil ■ 
citric acki, 

Coconut ■ tropical coast palm, the tree of the coral islets ; fruit 
gathered four times a year yields copra and Coco-hiiffgj. . 
fibres yield coir. 

CwiU7tt : F.iisflish bush soft fruit, source of jellies : or Greek 
dried seedless giape. 

Date : Meditorraiican p.ilni : Tafilet <atid Saharan oases. 

Fig : Mcdilerraiican trees ; l/iiiu (Smynuil 

Grape fruit (.sleifldock, jmuiicIo) : citroii.s trce.s, Mfditerraneaa 
tyfiG ; h'loiida, siuiihern liurofie ; .sufiposed by some to he a, 
variety of the oiauge. 

Lemon . Medifcrriinoan trees ; Sicily ; frcsli truit, juire, oil f^Qj^ 
the peel. 

Lime Medilerrauc-iui trees ; also West Indies (Montserrat) ; 
fresh fruit, juice, candied pod. 

Mango : Tudiaii trees , chutney ; delicious fruits which have 
not yet bctoiiie comratui in tins or bottles. 

Melon : Ea.stern Iruit : a variety, the water melon, is cultivated, 
especially in U.S.A. 

Ohve ‘ Meditci ranean trees ; Spain, S. France ; fruit exported 
when preserved in itrine. (The " palm-olive tree " is a curioug 
fabrication wtiich ha.s attained some currency.) 

Orange : Mediferranean tree which has almost lost its localiZirfjiQj, 
by expert cultivation ; Spain, California, S. Africa, Bi-azil ; 
mandarins, tangerines, etc. . most useful of the citrons. 

Palm oil . West African palm trees ; Nigeria ; oil expressed 
from the fruit, both pulp and kernels. 

Peach : stone fruit of Mediterranean trees ; exotic in England : 
much cultivated in U.S.A. ■ enormous trade in tins from 
California. Variety ; nectarines. Union of S. Africa. 

Pear . temperate trees : France ', England : “ Bartlett " 

pears canned, a U.S.A”* product : “ perry," a beverage. 

Pineapple tropical American ground fruit : a canned product ; 
West and East Indies. 

Plums . htoiif! fruit, Mediterranean trees : iresti or boftiecl ; 
varieties— greengages, damsons, yellow ; dried as priipes or 
prunelloes cultivation extends northwards through Europe 
from the Mediterranean ; jam ; France, Rumania, Yugoslavia, 
Cape plums, etc., from Union of S. Africa. 
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Raishi : dried f;iape : Malnva (nuihcatels), Marbejlies. ' 

SiilttMa : dried seodiess gra[)e ; l/imt 

Tnmnlo S. American [ilant now widely cultivated, annual : 

Oueriusey. Naples, Malta. 

Valencia ; Turkish variety of dried grape. 


LESSON 12 

Tea, Coffee and Cocoa 

L rNrtr. conipriralively recent times the white residents of 
I the tenipcrato lamK roiicoeteri their heverages from 
the pioducts of their own fields, orchaids, anrj vineyards. 
" bm.ill beer," ale, stout, lagor, elder, the produce of the breweries ; 
whibhy and other spnita, (he produce of the di.stdluries , wines, 
touiiaU, and other spintiums Ikjuors were all to be had, and 
inteniptirarice and alcoholism were not mlrequent. Tunes have 
changed. The tropical aories piovide the leaves of a shrub, 
the hernes of othei plants, and tea, cettec, and cotoa have ousted 
the varied nkolKd.-, from common use. Little h more *striking 
ill Untuiii than tlie lisc into popnlantiy of the tea-shop. 

hioiij anotli'T point of view the prevalence of the habit of 
tea-drml;iny and chocolate-eating is tlie conseejuenoe ot the 
eSeitioris of the ISntisb capitalist and investor m using British 
money to exploit the resources of Butain s tropical dependencies. 
Business organirafion apfihed to tropical plantatioii.s. where 

labour vva-s cheap and plentiful and where Nature was prolific 

in its retunis, priivided Bntain with iea, and more recently, 
with cocoa and the sweetmeat chocolate. When the ccifice crops 
m Ceylon were attacked by dis-ase and became in consequence 
less rcniuuerati ve, and Bran! achieveil its pre-eminence ils a grower 
of cufii-e, then coltee-drinking ui Bnl'ain was prevenled from 
/)i-c<>ji)nig a national flritob habit herau.se Jiihzii vva.s not British, 
Bodi tea and i.oeoa today owe nuich to the Biitish and American 
111 liei 111 advertising 

I'ea, rottee and cocoa, all thn-e, provide a mild and pleasant 
stuimluit, winch is, in the main, due to the same chemical 

clenV'uts,. Their plant smiicea all re<iuiru warm, if not hot, 

!,uiiinn'f.s with fnHpieiit mins ilnnng the growing period; the 
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plants tHemselves ars noi. annuals, like the cereals, and so prices 
and production are not subject to the violent (luctuationa due to 
seasonal deficiencies or gluts. In the long run, the prevalence oi 
relatively goorl ptices and a steady or increa.siiig demand tend to 
e-weasive irlanling, with the ultimate result that siipplie.s are 
in excess, prices tend to fall, and control of these iiulustries 
lends to pas.s from dm indusliy ilself to tlir transport orgaiiiza- 
tir>ns. h'reight.s tend to bear a high proportion to the wliole.sale 
price at which the uunmodity is markutod, because tho labour 
wa.ges of prodiictum lend to bo rolativcly .small, for the 
plantatiou.s arc workcri, in general, on the chcape.si fonn.s 
of hand labour It is true that modern condiliotis have 
created such demands for this low-grude toil that recruilinent 
of workers for the plardaUons hns been organized ; yet the 
supply of extra worker.s in I he. almost immediate neighbourhood 
of tile plantations lias been adequate, and labour exixmses do not 
tend to increuae unduly. 

Tea Production. Thu tea plant is hardy , severe frost merely 
dimiiiislies tile yield ft requires a rich soil, copious regular 
rains during the growing period, and good drainage, so that the 
soil is not waterlogged ; hill-slopfs are suitable, especially if the 
soil is *^virgin forest iiuimis. The crop is not reaped en bloc ; 
each plant is picked over tor the suitable leave.? several times. 
The leaves are put into .specially constructed lotts to wither, 
The next process is rolling, after which the leaves are fermented 
in a room at a temperature of about 8o°F When this Ls com- 
pleted they are "fired'’ to extract moisture and to prevent further 
ferniuiitation. Teas differ in flavour, and the favour shown 
in Hritain to dark-caloiired Indian tea in preference to the 
ligtitcr China tea is probably a second consequence of the fact 
that India is British niid China is not. Tea can be grown in 
other siiitiilile area.s 'tian India, Ceylon, China, and Japan ; 
large-scak' production elsewhere la hampered by lack of cheap 
labour and marketin.g iTml advertising organization. 

The w'lirld’ii production ol tea comea from China (40%), 
furtia Izri'f'o) and the Dutch Ernst Indie.s, Ceylon, .japan and 
Forniiisa, rif rougiily iqiuil lank. The world’s consumption 
of tea in the countries of large population is, roughly, Britain 
(40%). Russia (zo%), the- fJ.b.A. (10%), Per head of the popu- 
iatioH hotli Britain and i\iistrakvsia consume about 8 lb, annually, 
Canada about 4 lb,, Holland z lb,, the U.S.A. and Russia r lb. 
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each. Tlivce-fiftlw of the tea is produced in the Britisfaf Empire, 
and aliout half of it is con-snnied in the British Empij-e, chiefly 
in iiutain. Tea is a British beverage. The main producing 
fiieas are in north-cast India, near Darjeeling ; in Assam, along 
tiic river Brahinaputta ; in central Coylon, and in eastern 
Cliina, .‘-oath of tlie Yangtze. 

Coffee and Cocoa, foifee is pioduced from plant seeds, the so- 
cait'd beans 'i'lic plant requires .similar conditions to the tea 
j'.liiidi, (>xci‘(it that it needs shade and is unable to withstand 




COFFEE OOCOA 




COFFEE 

COCOA 
Goht CboatflEffllQ 
Braai 1 HD 


ColQlTlb\.QLF^ 


Vert^zuelcL 

Ecuculor iHD 

JoLVo. G3 

Dutch E lnA!3 

SojiTKomillQ 

Japoji a 

Gtultcir.ala.a 

Bi-Lt.Whuffaa 


fruht The colfue berries are stripped of their outer pulpy 
cor Cling mechanically ; they are then cured by sun-drynng in a 
dry atniospliere. They are siibsoqnerilly pooled, winnowed, 
giadccl, and aorteci For final use tlie tieans are roasted and then 
groutul, AlvN'ays, clnmpnesb tends to loss of quality. Coffee, 
latlinr ttian lea, us the hevcr.age on the continent of Europe. 
llMllancl, with ils peculiar interests in the development of its 
tiopical posiiiussion', — java, Sumatra, etc,~con.auiiie.s most coffee 
per liead of the population — a further in.slancc of the circum- 
slnuctj tiiaf these hevcr.igus aic popular because Europe exploited 
the Iropii.'U lands. The be.st cofleo l.s said to be Mocha coffee, 
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which hah never 1 )ec(iint‘ popular, for Arabia is a sort of no man’s 
land, and the best of its supply ooes to Turkey and Egypt, where 
coffee is one of the prime hixiirius of life. 

Oicoa, or cacao, comes from a tropical tree which begins to 
bear , after hvidve years. Cacao beans are the seeds, which occur 
to the number of about forty in u seed pod about eight inches 
in length ; before use for the manufacture of chocolate or cocoa 
powder a large profiortioii of the .seed, con.si.sting of cacao-butter, 
a sntsiewhat iiuUf'cstihle vegetable fat, is removed. A naturally 
disagreeable bitter flavour vanishes during careful fermentation 
for about a WT'ek. The beans are tbeti dried in the sun, later to 
bo tousled and s[dit to form cocoa-nibs. Cocoa was used in 
Europe before tea or colfeo, and for long vva.s a beverage luiiipie 
to Spain and Ikirtugal, since soiin; of tlic main sources of the 
brans were colonies of these countries — a third example of the 
influence of colonial expansion upon the habits of a mother 
country. 

Brazil is responsible for about three-quarters of the world’s 
coffee, mainly in the Sao Paulo district back from Santos and 
Ilio de Janeiro. Colombia comes next, followed by Guatemala, 
Mexico, Haiti, Costa Rica, and Nicaragua. Outside America, 
India, Britisii East Africa and Java produce smallish quantities, A 
third of the coffee is consumed in the U.S.A., about 9 % in France, 
8% in Germany, and less than 1% in Britain, Per head of the 
population the U.S.A, use 12 lb. ; Holland, Belgium and Scan* 
liinavia about the .same quantity ; France, 8 lb. ; Germany, 
6 lb. ; Britain, less than i lb. Coffee is an American beverage. 

Roughly, qo% of the world’s cocoa is produced in the British 
Gokl Coast ; Nigeria and the neighbouring Portuguese islands 
pi'o<Iuce anotlicr 10%. Brazil, Ecuador, Venezuela (the original 
home of the plant and .still productive of the finest varieties), 
and San Domingo jiroducv about 30% between them. Rtjughly, 
40% is consumed in tholJ.S.A., 15% in Germany, and about 10% 
in Britain and Holland each, and rather le.ss in Franco. Per 
head of the population the largest consuvnption occurs in Holland. 
40 ll.>. ; Switzerland. 5 lb. ; fl.S.A., 3 lb. ; and Britain, France 
and CrornKtiiy, each with _• lb., come ne.xt. 

CoC4ia. once produced in America, is now largely produced in 
West Africa ; its use is mainly as a basis for sweets, especially 
to U.S.A. 

O'-if CoHf)?: in Econmme is continu&d in Volnma 5 * 

( 370 ) 



ECONOMICS 


LESSON 29 

Law of Diminishing Productivity 

W K (ibpcTvcd in I.p.sson 27 (Volume 3, page 2i<2) that the 
Ifitts.irr .'ippUca hie to the demand (or the factors 
ol pi iiihu (1011 as those which govern the ileinand. for 
I'oimnoilil ie ,, ii.iniel y the (.a w ol Price arirl the Law of Diminishing 
(hililv 111 Li'ssoii 2S \vc rlealt with the l«iw of Price. We saw 
how tlio cnlicpieUcui v.mcs the amount winch he expondfi on 
land, Iritiour and (.ipit.il, le.ipcctively, according to the terms 
onvihicli tliey ,ii(“ availalilo to bun Thus, if the price of any one 
of tile fictois, Say capdid, li.ses, he transteis a part of hia ex- 
pcndiluro on c.ipital to labour or land This he is able to do 
because land, labour, anil capital can bo substituted for one 
another at tlio margin. A manufacturer, for e.xample, who wishes 
to substitute c.ipital tor labout can install labour-saving machinery 
and dispense vitii a portion of his staft 
In tiiiM Lesson ue shall concern oiirselve,s with the Law of 
Dimini.stung F’rod activity, which conesponds to the *Law of 
Dimimslung Unlit}', Tlie Law of Diminishing Utility, it will be 
reraembort'd, as.scits that the utility to 11s of a given unit of a 
comiiiochty diminishes with every increase in our stock oi it. 
If y'ou possess live pairs ol shoes, an additional pair will have less 
in-ility foi you than if you possess only one pair. Correspondingly, 
tlie Law of Unmnislung Productivity asseits that alter a ceitain 
point the productivity of a given unit of a factor ot production 
dtf. ronses witli every increase in the supply of that factor. A 
fanner employing twenty labourers, for example, would find that 
ail ,idditional labourer would in‘-roa,se the produce of his farm 
by a fuiiaUcr amount tlian would be the case if he were employing 
only fifteen lahoureis. I he farmeT would also find that the 
L.iw ol Dminn-lung Productivity applies in exactly the same way 
In land and tapital ft he is applying hts capital and labour to 
loo aircs lu' will find that the hiimg ot an additional aero would 
.idd lei.s to hw total piodiice than would be the case if he were 
ii'iing only 75 acres. 

In Older I hat wo may see how the l.aw of Diminishing Pro- 
ductivity vvorlcs out in practice, let us take, as an example, a 
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farmer v.ho has eratgraied lo the great wheat belt in North 
America. In tlie fir^l ywir, we will .suppose, he worte .single- 
hanJed except for tbf as.si.slance of his family, and produce.s a 
crop of wheat of a cc-rtatn amount. In the following year he has 
enough money in liah'l to hire h labourer, vvitlj the a.ssi.stance of 
whom he is enabled t<> treble the aiuouut of his crop, since he lan 
now plough Ills land willi more caie. harvest a greater part of liis 
crop betore the weall'cr hreaks, and perform other tasks wliich 
were beyond the cap'^oty of a .dii.gle man 'I'lius he tiiid.s that 
the extia suru ol lodncy winch he obtaiiuj lioiu iris largr'i cvcip 
exceeiLs by a large ninrgm tlu' wage he p.iys to liis man He is, 
liierefure, eueoin.a'eil 'o take on a second workei He e,m uow 
I'liliuMtt; hr, land stih more inteii.sivdy and can harvi-;U his ciop 
,slill inure rapidly, result of the cooperaUon ot I lie iiecoml 

worker, his crop may pos-'ibly he increa.sed by a greater amount 
than was the case ylmn the lirst workci was talnm on 'that 
i.s to .say. although he' has only doubled his stall, he may have 
increased his crop thi t'ufold. He might even find that by doubling 
his stall again in the fodo" mg .season his crop was again more than 
doubled, since the di'''.sion of labour and the improved organiza- 
tion made posMibki h.v the new increase in staff might quite well 
be rcspiEiihihle lor '‘•n mcre.isc in its productivity 

Clearly, however, a point must be reached when his produce 
will increase by a smaller proportion than the increase in his 
labour force. Thus he may find that, when he has raised his 
staff to ten, the Law of Diminishing Productivity begins to a.ssert 
itself. That is to say, if this point lie increases his staff by 
i.e. by one tnaih his produce will increase by less than ,J(j, 
aud &Q on.. It we iwh why this is so., we can only answer that it 
scums to be a law ot Nature, which we can discover by quite 
Miperlkial observation It is a law which Ls almo.st a.s .self- 
fvirleut as the Law of Hiriunisliing Utility. Let us suppose tor a 
moment thai it did md operate. Then il, in the example we 
iiave taken, the tanner tfumd that he could go on increasing his 
suit indefinitely without diminishing tlie productivity oi each 
atkhtiunal labourer, 't would tie possible to raise the wheat supply 
o! tliv world from ttiH .sin.gle f.irm and, a.s rhure would bean 
vnovruoua saving iii rent, u would he profUal.>le to do so. 

I'he l.aw of Diniiinshiug Productivity, however, does not apply 
int-rely to agriculturu. ft is operative throughout the whole 
tifld of priHluction- in talm its an exarapk; a cotton mill 
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with a given quantity of spindles and other equipipeht. It is 
obvious that, just as in the case of the farmer, the increase in 
the output of i he mill would in the early stages of hiring operatives 
ini'.rfase in greater proportion than the increase in the number 
of oirerativcs, fiiiire, when the staff of the mill was relatively small, 
each additional operative would facilitate fuither specialization 
and un]novi'd organization After a certain point, however, 
the oiitimt of the null rouid increase by a .smaller propqrlion than 
tiu; iiH re. ISO in the number of operatives 

We .lie now in a position to formulate the Law of Liunmiahing 
rioiliK liviLy in mom accurate terms If siitcessive dq.5(.g of one 
(actor {land, la hour or capital) are applied to a fixed quantity 
of till' othei lactors, productivity after a ceitain point will incicase 
in It.'S pioportujn than the increase in (he (actor Thai jj, to say, 
if after a lei tain point you double the amount of labour oriiptoyed 
in anv husine-ss (the equipment of the business remaining un- 
ctiangeci), you wuV not rfouiii’e the output. Staten' m, (his way, 
the Law of Diminishing Productivity is self-evident. " you 
double the pastry," says P H. Wickslecd, " without doubling 
the apples, you do not double the pie . In like manner 
jf you double the land without doubling the operation^ on it, you 
cannot expect to double the crop ..." • 

LESSON 30 

Marginal Theory and the Factors of 
Production 

I N Lesson ay (Volume 3, page 282) it was pointed Out that the 
flcinand for the factors of production is determined by 
principles that are strictly analogous to those underlying 
tile demand for coinniudities, namely, the Law of Price and the 
I, aw of DiiiunihUmg Utility. Now, as wc have seen, tire price 
(if any cominodity tends to ecpuil its marginal utility, since each 
r.unsiiniei, in etuleavouiing to maximize tlie satisfaction he 
obtains from the e.vjieiiditiire of liis income, demands just that 
aiuimnt of cacti curnmudity which wifi cause its margiual utility 
to liiin to ('(iitii'ide witli its price. 

'“nnilaily, ttie eiitrepreneiir, who may be regaidmj us the 
i.jiiMiirier (if the services of the factors ol producticju, adjusts 
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the expcjiditure of his resources iu such a way as io tiring 
the marginal productivity of land, labour, and capital into 
coincidence with their respective prices. For the entrepreneur, 
like tlia con.sumur, is constantly endeavouring to obtain the 
inaviraum return from his expenditure. Thus rent, wnge.s and 
interest lend to eciual the marginal productivity of land, labour 
and capital rnsfiertively. 

fdarglnal Productivity of Labour. Let u.s observe the process 
by which the eamings of the factors of proihictioii are epuafod 
to their respective pioductivities liy ictnriung to onr exiimplo 
of till! farmer, whirh seivod in Ihe pieceding f.esson to ilhislrate 
the l.iuv o( Diiiiiuishiiif' I'lodiielivity. The hiring of the first 
lii,boiin,'i hy Hie laiiner k suited, it will be remembered, in an 
im nMSe of tlio [iroduco of the latin liy an amount much greater 
than the labourer’s wage. And. similarly, with the second, third 
am! lonrth labouier.s. A point is reached, howev'cr, after which 
thu advantages— such as division of labour and the better 
organiratiou — which arc derived from increasing the labour on 
the farm begin ti.i be offset by the disadvantages of cultivating 
the land more inh-n.sively. That is to say, after a certain number 
of i.'ibotirer.s have been taken on, the hiring of an extra labourer 
would Increase the produce by a smaller proportion than the 
incrca.se in the number of labourers ; and this diminishing 
productivity continues progressively. 

The problem is to a.scertain the exact point at which it will no 
longer pay the farmer to hire an additional worker. Clearly, 
it will no longer pay him to add to his staff when the hiring of an 
additional labourer would not increase the produce by an amount 
suliicient to pav his wage. Let us suppose that the fanner takes 
on a tenth worker, as a result ot which his crop is increased by 
loo bnstii-ls. If the price he gets for the extra loo bushels is 
less than the wage he ha.s to pay, then it rvill not be profitable 
to him to retain the tenth worker. On the other hand, if the 
price he gets for the, extra loo bushels exceeds the wage he has 
to pay, then he will retain the tenth worker, and possibly lake 
on an elevenlh. Tims, so long as the value of the product 
of an additional worker exxeeds llu; wage he ha.s to pay, it will 
he profitable to the farcier to increase hh staff. The concluaion 
H that, if he i.s to maximize hi.? profits, he must hire labour up 
to the point at ivhich the productivity of the marginal labourer 
i« just eipial to the wage he has to pay, 
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M.-vltt-tl Productivity Ol Capital. So far we have wwltttt oilt 
® 1 -tivi+v thcoi-y ol di£.tiibution m its beaiing "poA 

;ir BuTfc a.. 

Lher two factors, land and capital In hiring land or capit-t'. 
the farmer or entiepreneur will find, that, after a certain poni 
been reached, the piodnctivity of these factors will diramisli 
For example, when the farmer has equipped him.self with Nm 
more essential faim buddings, implements, etc . he may wcU 
find that the investment of a further £xoo on equipment for Ins 
funi will yield, as in the case of labour, a less than proportional 
rolii.n 'ibis diminution m the pioductivily of the capita he 
horiows udl coritmiie progressively. A point must be reached 
Ihercf-.re, when it no longer pays him to boricnv or lure additional 
capital at the cuiTont rate of mtoiest. Clearly this point will be 
reached when the increase m output, due to tlie maigmal {,100 
which he adds to his equipment, is just equal to its cost-i.e 
to the rate of interest he has to pay for it. 

As exactly the same argument applies to the hiring of land, 
we are in a position to make an important generalization about 
the value of the factors of production In any given economui 
situation the value (ie. the price) of each factor of pjodnetion 
tends to equal the separate contribution of that factoi, It is 
necessary, however, to be careful to interpret this gcneralizatinii 
correctly.' At first sight it may seem to imply that land, laboiu 
and capital share m the total product of the community accoidini; 
to their deserts , that the wages of labom , for example, depoiiil 
entirely on the efficiency of the worker. This possible misundw- 
ataiidin" is removed if we bear m mmd the qualifying phiase with 
which the gener.ilization begins, namely " in any given ecoiinimc 
situation,” Thus, when we say that a particular factoi of 
production, say labour, lends to earn an amount equal to Us 
productu’ity, we are taking for granted the material equipment 
of the community, the efficiency of the industrial organiratioii 
and all the other factors in the economic environment. Thus, 
it IS correct to say that the efficiency of labour determines the 
general level of wages only i£ we add the proviso " othei things 
being equal.” The implications of this proviso will be examined 
in the Lciions on Imbour. 
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factor ts^icls to finrt that position in the industrial organization 
in whiciv ifs ('((u' tivcii.fss ia at a maximum ; that is to say, the 
pcjsition in udiicli its contribution to the social income is maxim- 
ized. Tliis IK diiH to the endeavour of each entrepreneur to 
distribute his revource-s in the most econorriical manner. The 
consumer, as we, haw seen, endeavours to spend just so much 
OH each cnninnidity as'will maximize the sati.sfaction he obtains 
from iiis income ; so the entrepreneur endeavours to expend 
just so much oil hind, Inhinir and capital respectively as will 
maxiinize the return from his total outlay. 

Nor does the aiialofty slop there. The cntrepreiieur has a 
critiiriou of llU' succe.'-s of his olTort.s which is strictly analogous 
to that of Die couhiimeT. The consunier, as we have seen, 
derive.s the inaxiinurn sati.sfaction from liis income wiien he has 
brought the marginal utility of each commodity to him into 
coincidence witli its [trice. That is to say, be adjusts his ex- 
penditure so that <ivcr a substantial period, say a year, the 
marginal shilling which he spends on each commodity (i.e. the 
shilling wtiicli he is only just induced to spend) yields him equal 
satisfaction. For, if the marginal shilling in any one line of 
expenditure — say, cigarettes — yielded him a greater satisfaction 
than tffei marginal sliilling spent on beer, then he could increase 
his total satisfaction by spending less on beer and more on 
tobacco. 

Has the entrepreneur an analogous criterion as to the expendi- 
ture of his rosouroes to the best advantage ? Clearly, in order to 
ma.ximize the profit from his expenditure on land, labour and 
capibil, ho nucst distribute his resources in such a way that the 
marginal pound he devoto.s to eacli factor jdetds him an equal 
return. If the margina! pound, the pound rvliich lie is only 
jnst induced to expend on machinery, yields him a lower return 
than tlio marginal pound whicii lie expends on labour, then he can 
increase the aggregate return from his resources by transferring 
[lart of his resounvs fr.oni the liiring of capilal to the hiring of 
extra ialwur. Thus the entrepreneur is con.stantiy endeavouring 
to adjust his expenditure on the factors of production so that 
the uiargtnal productivity of eacli factor is ecjiial to its price. 
And, in so lar a.i he is successful, he maximizes not only his own 
[irotit, but also the earnings of the factors, as well as tlieir con- 
tfiimt.imi to tliB social incurae. 
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LESSON 31 

Rent as a Problei^ in Economics 

tho thrco pi'cvinns I,<‘SS()as in Econoinici \vc have analysed 
llie prohlcin of distribution, ,ind seen that the icmnneration 
of ('.Kli laotoi of (iroductuni lends to equal its specific 
font riliution to the produet of industry. We now proceed to 
nnalyse the faelois tif pioiluction sep, irately, 

Let ns be ipiite cleai about the meaning of our tcrrius. What 
IS nieaut by land and wluif by rent, the payment made foi the 
lure of laud ? When we falk of agnciiltmal land, we have 
in mind fields of corn and vegetables, meadows and orchards. 
Now, tins agricultural land is not land in tiic strict sense at ait, 
but a combination, of land and capital Thu fields of corn have 
been cultivated and fertilized, the meadows have been drained, 
and the land has, in eanous other ways, been improved by the 
expenditure of capital A landovncr, therefore, will expect 
fron, lus tenants not merely remuneration for the lane! itself, 
but al)0 for the capital he has sunk in the land It is customary 
to speak of the wliole payment which the farmei makes to his 
landloid as rent, but, stiu'tly spetiking, it ii partly rent (the pay- 
ment foi the land without improvenieul) and partly interest 
(tiie payment for the uuprovenients) We may define land, 
tlieretore, m the terms of the cla.=-sie,il economist, David Ricardo 
(1771- as the inherent and uidesti uctdile powers of the 

soil '11m i rent, in the strict seii'-e, is the payment made tor 
the usi. of the inherent and mdestuictiblo po',', ers of the soil. 

The problem ot rent jiresenls two main questions. Why is 
the avi'rage level of rent wdiat it is ? And why is the rent of 
some pieci-s of laiul higher than the rent of other jiieces ? The 
former question is cum erned with the scarcity aspect of land : 
thu latter question, with the ditfi'renlial aspect. 

Scarcity Aspect of Land- To simjilify our analysis of the 
siarcity .ispect of land aiul to place it in its true perspective as 
the lundauiental aspect, v\e slial! assume that the quality of all 
land IS precisely the same This simjildymg nssuiujition having 
been made, the first question that presents itself is: Why does 
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the lariijcr not fjet liis land for nothing ? Land, being a free 
gift of Nature, has not cost anything to produce. The answer, of 
coiUbC, is that land i& scarce. 

Tliere are certain stages in the development of communities 
in which land i.s not .scuice, and in which, consequently, the 
jirolilctii of rent has not emerged In order to understand the 
causTS which determine the .scarcity of land, let u.s suppose that 
a party of coloni->ta settles on an uninhabited iisland of uniform 
iertility, and let ns oliserve how hind comes to (lonimand a rent. 
Jn tlio first stag!! of colonization each man will fiave all the land 
he requires', tliere is enough for all and to .spare, hie will, 
therefore, cuUiveto that amount of land which will yield tho 
inaxiiniirn retmii io his labour and capital, hand being free, 
there will be no incentive to ccononuzo in its use. As the 
population increases, however, more and more rnen will settle 
on the land, until a stage is reached w'hen the amount of land 
avai'la'o'le is no longer sufficient to satisfy the requirements of 
all. The cultivators will then begin to complete for the fixed 
supply of available land. 

For the purjiosos of our argument, let us suppose that the land 
of our imagined i.sland is free and unappropriated. Now, so long 
as thei'mimber of applicants for the available plots does not 
exceed the number of plots available — twenty of each let us 
say — the plot holders will make no payment for their land. 
But let us suppose that the number of applicants grows to twenty- 
one. Then the twenty-first applicant will be obliged to offer some 
consideration — some payment — for a plot or part of a plot. 
The payment he makes will constitute rent. By means of such 
payments ihe demand for land will be equated with the available 
supply. 

This emergence of the factor of rent will have important 
reactions on the metliod.s of cultivation. Farmers, now that they 
have to pay for the ii.se of their land, will find it profitable to 
('cunomize m their use ofit ; that is to say, they will now cultivate 
it more intensively. More capital and labour will be applied to 
the cultivation of each acre than fonnc.riy. Thus, the farmer will 
find himself confronted with a new problem, the problem, 
namely, nl how nuu h moie intensively he shall cultivate his land. 
Let us take an arithnii'ticai illustration. The icium to successive 
apphcaliitns of capital and labour to land must, a.s wa have seen, 
diminish according to the Law of Diminishing Productivity. 
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Suppose, then, that the first ^loo of capita! and labouij yields a 
produce of 1,000 (juartcrs of wheat, the second £100 yields 800 
ciuartcr.s, and the third £100 yields 500 quarters. As long as the 
land was free, no farmer would expend more than £100 on each 
acre of his land ; for. if he were to expend a second £100 on any 
aero of land, he would obtain a smaller return than ho would do 
if he look into cultivation an addilional acre of land, since, in 
our ilhi'itration, the application of a .second £100 on any particular 
acre would yield only 800 quarters, while the application of this 
/loo to an uiklitioiml acre of land would yield 1,000 (piarters. 

flow will Ihc emergwicc of rent, as a result of the growth of 
population on the island, affect the situation ? Let u.s now 
suppose that the increasing competition for land raises rent to 
the equivalent of 250 quarters of wheat per acre. It will now 
pay tin: farmer to apply a second £100 of capital and labour to 
each acre. For, by applying £200 to one acre, lie will get a 
return of r,8oo quarters (i.e. 1,000 quarters and 800 quarters) 
minus 250 quarters for rent, that is, 1,550 quarters. On the 
other hand, if he were to spread the £200 of capital and labour 
over two acres, a.s he did before he had to pay rent, his return 
would be 2,000 quarters, minus 500 quarters for rent. 

It i.s necessary, therefore, to distinguish between tlfe gross 
and the net return from land. TJw emergence of rent does not 
affect the gross return to capital and labour expended on the 
land, since the farmer will still get 1,000 quarters of wheat from 
the first £100 that he devotes to each acre. It is the net return 
to capital and labour that is affected, for he now has to pay 250 
quartin's for the use of every acre. It pay.s him, therefore, to 
economize in the use of land by applying his ca.pital and labour 
to a .smaller area of land. The extent to w'hich he will find it 
profitable tu increase the intensireness of his cultivation will 
depend on the amount he has to pay for the land, that is, on its 
rolativ'c scarcity. Thus, in England, where land is reiativety 
scarce and commands a high rent, farmers cultivate thoir land 
raucli more intensively tlian in Australia, and the gross yield of an 
acre of wheat land is about double that in Austi alia. 

This is a luanifeslalion of the Law of Price. The English 
farnit.'r, having lo [lay more for his land than the Australian 
farmer, deinatids lc.-;s land and, relatively, more capital and 
labniir. On the other lianri, tlie Au.slralian farmer demands 
more land and. relatively, less capital and labour. 

I 270 ) 



ECONOMICS 


LESSON 32 

Malthus and tlie Popuiation Problem 

I N the pfpredinf; Lesson we saw that with the economic 
clcvotopmf.nt of any particular country pormlalion grows 
anil land becomes increasingly scarce. More and more food 
is roc[uirerl to leivi the giowui" population, while the development 
rjf the towns encroaches on the available agricultural land. Hence, 
there la an (jvt'r-increa.sinfj incentive to economize land. In agri- 
culture tairning will be ever mure intensive, and in the towns the 
buildings will tend to hcconic higher. Now, this concentrated 
xiac of iaiiri will mean that, other thing.s being equal, the return 
which it makes in response to human effort will decline and the 
community will become impoverished For, as we have seen, 
the " Law of Dimini.slung Productivity ” informs us that an 
increasingly smaller return will be obtained from the application 
to land of additional units of capital and labour. Hence, if 
other things remain the same — that is to say, if there are no new 
inventions, if there is no improvement in economic organization, 
if the supply of capital docs not become relatively more abundant 
— ^theii an increase of population must reduce the standard of 
life. This is the first of the two main aspects of the population 
problem., namely, the influence the size of the population exerts 
upon tile productivity of human effort. The other aspect of the 
population problem is concerned with the causes which determine 
the size of the population 

The population controversy, in its modern form, begins with the 
publication in lygfi ol Malthus's " Essayi on Population." In 
this book Maltlius was concerned to point out not only that 
the population problem would wreck an equalitarian society, hut 
that this problem is an ever-present one , that is to say, Malthas 
maintained that population is ever pressing on the means of 
Hub.sistence, and always has done so. For potentially, he argued, 
popuiation is capable of an increase in geomotricai ratio, and 
would, m fact, increase at this rate, were it not for the exi.stence 
ot checks, which are e.itlier positive, such as starvation, disease, 
and So forth, or preventive, aurh as liirtli control or abstinence, 
'* Ttirmigh the animal and vegetable kingdoms,” he wrote, 
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''Nature tias scatlored the seeds of life abroad v/ith a. liberal 
liaiul, but has been comparatively sparing in the room and 
noiinsbmeiit nocy'ssary to rear them.” 

Population Problem In the tflth Century. The writings of 
Mallluis on the popiilalion problem oxerled an enormous influence 
in the tirst half of the nineteenth century. Not only did he 
corivinre the groaler pari, ol the influential people of that time 
lliat tlie prol)Iem of population hovered threateningly on the 
h<ui/.oti, hut also that population actually was pressing on the 
iiiran'i of suhusteuce. Nor was he without substantia! evidence 
to ‘.u|.i(jorl his gloomy concluiiion. [’opulation was growing at 
a prodigious rate and, indeed, eontimied to do so throughout 
the loth century, la the period 1801 to 1901 the population 
of Iriit'Und and Wales increased trom under nine millions in 
iHot to milliotu, in 1901. On the olher hand, food supplies, 
at the time when Malthus was writing, wi.re tailing to increase in 
like proportion. The stable diet of the ma.sses, bread, rose 
alarmingly in price. Wheat, which was 34s. yd. per quarter in 
the decade 1771-1780, rose to 83s. iid. in the decade 1801-1810, 
and to 87s. 6d. between 1811 and 1820. 

Towards the middle of the century, however, the gloomy 
forehoiliugs of Malthus faded more and more into the background. 
The I'tJui.ts of the Napoleonic wars had spent themselves, and the 
era 0/ Victorian prosperity had begun. With the development 
of the railway and the steamship, first wheat and then meat and 
other tood.s tubs poured into this country from the newly developed 
contiuent.s in greater and greatei quantities, and at lower and 
lower pi ices, Indeed, so great was the mllu.x of food that the 
agricultural industry at home suffered serious depression. 

The first note to disturb this era of Victorian confidence was 
sounded by Sir William Crookes in his celebrated address at the 
iiiimial meeting of the British Association in 1898, “ AIJ 

civilinnl nation!?,'’ said Sir William, "stand in deadly peril of 
not having enough to eat. As mouths r^ultiply, food resources 
dwmdlu. hand i.s a limited quantity, and the land that will 
grow wlieat i.s absolutely dependent on dilficiill and capricious 
natural jiherioineiia. I am con.Htraincd to show that our wheat- 
producing soil i.s totally unequal to the strain put upon it," 

llnifj the Malthusian devil was unleashed once more witli a 
veiige.iucv. Jiunng llie decade before the War the view taken 
by Sir William Crookes became more and more prevalent in 
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aiithori|ativc circles, Fnr pirpulation was still increasing rapidly in 
all pai Ls of the world the great continents of America, Australia 
and Canada, which were rapidly filling up, were requiring a 
greater and greatei proportion of tlicir food production on wdiich 
this country was very largely deprnilent, while the gieat source 
of aitificial feitili/ation the nitrate beds of Chile, was inevitably 
docaned to ultimate oxhau.stion 

It was not, however, until we began to take stock alter the 
War that the alaini herame general. In 1919, Mr. J. M Keynes, 
m his most wKhdy-ii'iid hook, “ The Kconoinic Consequences 
of the Peace," viewed our position as follows ; " The essential 
hicts of thesitualion, as I see them, aveexpiessed simply. Europe 
(onsish of the densest aggipgation of population in the history 
of the world . . The danger confronting us, therefore, is the 
rapid depiression of the standard of life of the European popula- 
tions to a point which will mean actual starvation for some . . 
This view was ('rulnmed by Mr. Harold Wnght m his standard 
work on population published in 1923, in which he waitied us 
that wc have Ixicn living " for 50 years in a fool's paradise," 

Thus, during the last century and a half, authoritative opinion 
on the food problem has swung first one way and then another. 
Up toftlie 'forties Malthus had convinced us that population was 
pressing on our food supplies; but with the use of Victorian 
prosperity anil the development of the new continents this 
pessimism paa-ed away, only to reappear once more in the 20th 
century. And now in the last few years the wheel has once more 
come full circle 

Recent Advances in Agriculture. Since about 1923 a silent 
revolution in food production ha.s been taking place, with the 
re.su!t that the Malthusian devil is again chained up Four main 
influences liave been at work to efiect this revolution. First, the 
great advances that have been made in agricultural technique ; 
seconri, the piogi'^s m plant genetics; third, the progress in 
agricultural engineering'; fourth, the progress in the production 
of artificial fvrtiiirers, It is impossible to trace here the effects 
of this revolution One example must suffice. As the result 
of these cotubined niflnences, millions of acres in Australia, the 
U.S.A., Canada and New Zealand, which were hitherto regarded 
as waste, have hnon lakeii into cultivation. 
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LESSON 33 

SoDie Effects of an Increasing 
Population 

the ('lealei |riirt of the igth century the 
i v.nlcts Mil (he |ii)pnletuin profilcni rryaidcd all ilicl'cases 
in ['Mpiiln I.Kin ns ;m ■■iMtioniic i-vil, For, they tlioui'ht, 
,Ut" ; <1 I r ilaiii pMinl all Ihe li'ilih' land will have been taken into 
( nlli’ .iliMii , mfi'Mijr land will llicii be increasingly used, and the 
I -lid 111 Millivjiinn niMie intensively cultivated. Tliat is to say, 
tiny k;;, ink'd the r.aw of I )inHtii-.liiii,y Pi-MfluctK-ity not merely 
;vi a .sUitie l-iw — a statement of what would take place at any 
(line, if all oilier rircuinstnncc.s remained the same ; they 
regarded it ai a law of dynamic development. From the fact 
that, if at any time the popnlation were instantancomsly increased, 
the addiliomil wealth it would be aide to produce with the aid of 
the additional we.rUers would not be increased in the same pro- 
portion, they inferred that the increase in population that had 
■ictually takin place had diminished the eflectiveiiess ol Man’s 
clfoits Tht'v lliMiitjht, It IS true, that improvements in agri- 
cuituie and industry had to some e.sctent offset the effect of 
increasiiij' population, but these improvements had not been, 
in thfir view, of sufficient importance to counteract the Law of 
Diminiidiing Productivity, I hey were of opinion, tliat is to say, 
tfiat, in actual fact, the capital and labour employed in agri- 
culture were alieady less productive than ihey formeily had been. 

rdiU on Population. Lven more enlightened tlnnkev.s like 
J. S. Mill (1806-73) ivere not free Irom the en'ors ot the earlier 
wTiters. Mill, it i.s true, did not fall into the gross error of thinking 
that productivity per head had actually diminished, but he 
.sii.ired the view of hi.s predecessors thaf increases of population 
are, in general and after a point, an economic evil. He calmly 
assumed that tlie gieat innovations of the igth century, the 
railway, the steamship, the development of power production 
and electricity, could have taken place without the atimuliis of 
iui increasing population ; and he seemed unable to realize that 
those inventions required an increase of population, if they were 
to be efiectivuly utilized. 
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Professor Sidgwick was the first writer to place the population 
problem in ite true perspective. He showed quite clearly for the 
hrst time that not only does productivity per head not dimini.sh, 
at Ica.st until population has reached a point nf very considerable 
den.sity, hut al.so that this point i.s continually fluctuating 
according to the stab; of industrial technique, the rate ol savings 
and other rclovanl cmuinistanccs. This line of thought was 
developed by Professor Caiman, who introduced the idea of 
optimum population— (lie population which is iieilhor too small 
nor too large, bn1 just right. 

In order that we iiiriv follow thi.s line of thought, it is necessary 
tij rc;di?e that all cliarige.s in the .size of the population set up 
crnuitei',T,ctmg (cndcucies. On the one hand, an increase of popu- 
lation necessitates a more iulonsivo cultivation ot land already 
cultivated, and a resort to les.s and less feidile soils ; also, the 
greater the si/e of the population, the greater will be the pace at 
tthich the more accessible and easily worked mines and oil 
fc-sources will be exhausted. Both these tendencies make for a 
ceductiun in productivitj' per head, and therefore, in so far as 
they are not offr.et other influences, tend to lower the standard 
of living. 

Poptilatlon and Specialization. On the other hand, a larger- 
po^julation enables important cconomie.s in production to be 
introduced. In the first place, it facilitates greater specialization. 
As we have seen in Lesson 3 (Vohnne i. page 215), an increase 
in specialization not only increases the efficiency of the worker, 
but it also enables the special aptitudes of a region or country to 
be exploited more fully. For example, the growth of world 
population has resulted in a great expansion of international 
trado. The gri'atur volume of international trade has enabled 
Britain to .specialize to a greater and greater extent in -ship- 
building and the carrying of goods, as well as in all the other 
occupations for which she has special aptitudes. This greater 
specialization of Britain has meant the greater specialization of 
other countrie.s in the production of food and raw materials, 
and other product.s which Ihoy have exchanged in ever- 
inorna.sing quantities for the products of Britain. 

Nor has the growth of world population meant merely that 
we have been able to utilize and train our workers to greater 
advantage, and to exploit move fully our natural advantages. 
The greater scale of production has enabled more elaborate 
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mactiiiies and plant to be installed than would othervfise hava 
been profitable. One of the principal factors on which the 
in.stallation of elaborate and more efficient plant depends is the 
(.••■dent of the market. The greater the extent of the market, the 
more iiitiinsivaly can machinery be utilised, .since its cost can be 
spread over a Kreater number of units of output. It would not 
pay, for example, to purchase a lyix'writcr if one wrote only two 
c.r thrc” letters a day, hut it luif'lit lie highly profitable to do so 
if fiiK' find In write, s.iy, tv/rsity letters a <l,'iy. Or, io take a 
nutre uniiortant example, great economics can be effccled in the 
frail', [I'lit of oil from Lliij oil wr-lls to the ports by the laying down 
(II pip' linc-s. This, howevcir, involves a very cousideiatilo capital 
out]. IV, which will be. profitable only if the pipe line.s arc in 
eontimioua use, that is, if the production of nil is on a great .scale. 

Moieover, an increasing population may well stimulate 
invention. For, as population grows, a higher .and higher premium 
is placed on discoveriiss such as the railway, the .stpam.ship, 
(df'Ctncily and various kinds of machinery required for mass 
production. 

We are now in a position to realize that, as Profe.ssor Cannan 
has said, there is only one real Law of Population. " At any 
given time,” writes Cannan, " the population that can txist on 
a given extent of land consistent with the attainment of the 
greale.it productiveness of industry possible at the time is 
definite,” That is to say, there is at any time a definite size of 
the population whicfi is the optimum, in the sense that, if it is 
ailamed, then a movement of the population either by way of 
inorea.se or of climinuHon would result in a lessening of pro- 
ductivity. This optimum, however, is not fixed once for all, as 
Mill assumed it to be. ‘‘ The point at which the returns to industry 
cease increasing," says Cannan, " and begin to diminish, i.e. the 
point ut ma.ximum productiveness, is constantly being shifted by 
the progress of knowledge and other circumstances, and the 
-shifting is generally in the direction of fiicreasing the population 
which is eotisistent with the maximum productiveness possible 
at th(' time," 

Recommended tor Reading ; " Population," by Harold Wright, 
in the Cambridge Economic Plandbook.s series ; A. M. Carr 
Saunders' " Population " (Clarendon Press) ; Harold Cox’s 
'' l-’rohiem of Population " (Cape). 
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LESSON 34 

Land Values and Economic Progress 

I N Lesson 3 1 (pa'>,e 277) wo were coneerned witli the scarcity 
asiifcicl. of land. We .saw how, with the progress of society 
and fill! growth of population, the demand foi' land .steadily 
ini-reiises, as the expansion of indn.stry and the increase of 
nvitiilui'ii involve an cver'incivasing de.maud for food and raw 
nia tcnals. It follows that, so long as society contiruios to progress, 
tliern is a tendency tor the price of land to rise. Nor is this 
tendency connterae.led by an increase in supply. If the price of, 
say, motor-cars wcie to lisn as a result of an increase m demand, 
the supply wnidd uonnally iiicrcasis, thereby causing the price 
to fall hack to w >tu>.‘\vlw:re near tlu; former level. 

Land, however, stands on a diflcrent footing. The supply 
of it is fixed for all time ; how'ever great the increase in the 
demand for land, the consoiiucnt rise in price can never be 
counteracted by an increase in supply. It is this fact which 
gives rise to the problem of population. 

Is the tendency for the rent of land to rise, as .society 
progresses, necessary and conltniwus ? At first sight it would 
seem that it is. For every rise in the standard of living and 
ovei7 incre.a.se in the population involves an e.^pansion in the 
demand for raw mateinals and food, which can be met only by 
taking inferior laud into cultivation or by applying more 
inten.'iive methods to the already occupied land. These facts 
led J. S. Mill to assert that" the ordinary progress of a society 
which incrvase.s in wealih is at all times tending to augment 
thdritftewiies oi laridlorcl.s ; to give them both a greater amount 
and a greater proportion of tlic wealth of the community, in- 
dependcntly of any trouble oi' outlay incurred by' them.sclve.s ” 
Views of Henry George. The foimclor of the single tax move- 
ment, Henry' George, carried this point of view to its logical 
e.'ctrftne. Not only did he believe with Mill that tlic progress of 
society and the growth of population necessarily augment the 
income of the landlord-s ; he also maintained that tlie landlords 
did not merely get a Bhare, but, in virtue of their monopolistic 
control of the laud, appropriated to themselves the whole of 
the fruits of progress. Thus, according to this view', the other 
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elcmente of society — ^thc workers and the entrepreneuris — have 
received no share in the vast increase of wealth made possible 
fiy tin.' advance in technique and in the organiyatinn of society. 
\Vn,qi;.s have remained substantially unchanged, asserted George, 
and so has the rate of profit, while the rise in the rent of land ha.s 
ilbs irberl the fruits of progress. 

C'Jn (he has! , of thi.s analy.sis, Henry George, m his famous book 
" l'i(i,;n'ss and Poverty," a book written with e.xtiaordinaiy 
vriMi and pci sun SI VC force, was able to pul foiward a complete 
and ycL piai tical solution of the economic problem. Piy one 
siniplf; mc.isuie tile State loiiki at oiii'e hbirate the imforprise 
of its worker-, and Lti-.uie the eipiilable distribnlinn of the wealth 
winch they piodmed. All that was ncces-iary ivas to impose a 
too per cent ta.s' on Laid values, thereby appuipnating for the 
connninnty the whole of the unearned increment of wealth cieated 
by the activities of society as a whole The State would then lie 
in a position to abolish all taxes, and to distribute the balance 
of the revenue on an equitable ba.sis. Nor would the landlords 
have the power to evade a land tax , since the supply of land is 
fixed for all time, it cannot disappear. Lay a heavy tax on the 
►sii rungs of labour and the supply of economic activity will be 
siTiiuisly curtailed , lav a he.avy tax on the interest of capital, and 
savings will diminish but lay a loo per cent tax on land, and 
not one .square yard of it a ill disappear. So ran the argument, 

Effects of Progress on Land Values. J S. Mill and Henry 
Gei'irge, however, both completely overlooked the fact that 
progress affects the demand for land in different evays. Progress 
due to an increase m population undoubtedly increases the 
demand for land and laisp-, rent , moi cover, a good deal of the 
technical progress in industry', by rai-.ing the standard of life and 
increasing the demand foi the rav. materials necessary to feed 
the new madiines, has the same ttiulency 

On the (.itlii-r ham!, there are impoi taut innovations winch tend 
j<i(.itivi'ly to diiiimish the demand for'land. The introduction 
of new feitilwers — as, lor example, Chilean nitrates — while it 
rave-, the standard of living, enables eeoiioinics to bi' made hi the 
UM- of l,i.rid, thereby I'-swimig the demand tor it The opening 
iqi of the interiors of Australia and AinciiLa in the last century 
by I, 111 tiansport had a i atastropliie effect on agricultural rente 
lu I'ligLiud. In the yis'tis 1SS0-1SS4 the annual letting value of 
agricultural land in lingland fell by 5J million pounds. The 
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groat progress sinrc t!if War in agricultural engineering and 
•ti'ohuaiiic, plant gt-notics and artificial fertilizers ha'i also had the 
ettoct of substantinlly li^soning the demand for agricultural land. 

Tlio (lUl, liovi'ever, in the value of agricultural land in Britain 
during the lytVi century has been offset to snmi: extent by a 
rise in land values in the newly developed countries. The 
iipenulg up of thivse countries by railways, and the increased 
facilities ol ciiltiviitiiig them as a result of the inipiovenionts in 
aKn'mlture, have substaiitiallv laised the value ol their land. 
The net etivet ot these improveineiits, howovei, lias been to lower 
tlio vniUie of agricultural laud, taking the world as a whole. For 
any diwelopmeill whicli eiiablu.s vhgin land to be talniu into 
cultivation is l.nitaiiumnt to an increase in the supply of land. 
At tlio beginning ot the igtli century the great interiors of 
Australia and North America were riim-ei.xi.stent so far as civilized 
Man was coiiccnied. Thus improvements in the means of 
communication, schemtis cif reclamation, such as that of the 
Zuider Zee, or progres'< in agricultural technique, virtually 
increase the supplv ol land And by diminishing the scarcity 
of land they tend to lessen the rent received by landnwneis. 

Values of Urban Land. Even as regards urban land values, 
the ttiiKlency i.s not all one way. On the one hand, the increase 
of wealth and the growth of po[)ulation tend to raise urban land 
values, since with the growth of industry, commerce and popula- 
tion the size of towns increases. This increase in the size of 
towns implies an increase in the demand for urban land and, 
therefore, a tendency for urban land values to rise. 

On the other hand, many of the improvements which have 
occurred in the last century have strongly counteracted this 
increa.se in the demand for urban land. Just as certain innova- 
tion.s have enabled Man to economize in the use of agricultural 
land Or to bring new land into cultivation, so means are continually 
being discovered iiy which urliaii land can be economized. For 
example, the advance oFengineeriug and electricity made possible 
the underground railways, which have economized land in two 
ways. In the first place, they have obviated the use of urban 
land for the railway truck ; ami, in the. second, they have 
cheapened and speeded up transport, thereby enabling housing 
estatt". to be developed in hitherto country districts and thus 
tclievin.'i the housing congestion in the towns and cities. 
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LESSON 35 

Differential Aspect of Land 

f M our .-Lnulysi!! ol (.lie .-xarcity aspect of laud, we made the 
Jiiiiiphfyitif.; a.;iH(iiii|iliuri that all land i.s of the same quality. 
I.a,nil, however, like all ccoiuiivilc; goods, varie.s enornioiisly 
ifi il,.‘i i'apa.( ilv lo ;,eivc the ()iiipo.seri ot Man. There is, tor 
r-:, mil'll', a, i.oiiHideral.ilc dillercnce in Ihe utility ot a.n acre of land 
in 111" lieinhiiourhiiiKl ol 1 ’iis'adilly and an acre of land in the 
Hi;-’,hlnnd-i of Scoila.nd, Now thin diftei'eiicc in the (puility of laud 
;'ii:;,;',e:ils (wo tpu'otiuns ; (a) what detci mine:-: the dilfccence in 
value of ihtten'iit [nec.es of land, and (b) on what principle are 
the various pieces of land iiarcelled out for the various purposes, 
e.C’. .■igi'Kailtine, factoiy sites, hou.sing, etc. ’ 

I'T’oin the litirreri land near the peaks of the Welsh mountains 
to the fertile farms and niark-et-Karden.s within easy distance of 
London, wo can imagine the different pieces of land in Britain to 
be arranged in order of tlieir cfuality. Between the two extremes 
of land ivhich is too h,nrren and too inconveniently sitwated to 
have any v:due at all, and of land which is hi.ghly fertile and 
situated witliiii (‘a,sy communication ot its market, there will be a 
grade ot land which it is only just worth while to cultivate, This 
grade of land, being on the margin of cultivation, we may call 
" marginal land ” : and it is on this marginal laud that we must 
ii.x onr attention if we are to interpret the diffemences of value 
of tlie various grades of land. 

Rent of Marginal Land, birst. we have to aslc ; What will be 
the rent of tfii.s marginal land ? How much rent will the farmer 
who eultivati.-.s it lie prepared to fj.ny ? A moment’s reflection 
will show lliat he will not he prepared to pay any rent at all. 
Atiirginal land, in fact, commands no retik For, if any appreciable 
rent were cfinrged for it, it would not pay to cultivate it. The 
scejjtical reader may tliink that this is all very well in theory, 
hut he would hire to meet one of those lucky farmer.s who get 
tiii.'ir land for nothing, or one of those benevolent landlords who 
an.' ,so considerate to their tenants. 

There is, Iiowever, a not incoiisiderahle number of landlords 
wliose laud does not yield them a not rent, In this connexion 
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it B e^. cntiat to distinguisti the net horn the fjross rent of land 
A landlord does not merely let the hare land to the farmer 
riit'ieare the farm bialdni > <incl olh< r permanent improv enit nts 
for whirh the landlord has had to lay out a capital sum In 
inauj case, llif. irnt uhich the lainiei pays just cover? the interest 
on the rapital sunk m thi faiin evhirh he occupies, artd thi land 
lord lets the larm in srclei to snnre what is, m otfcct the payment 
of inleiist on his capital Morioeei a farm usually contains 
la lid of varyin j; quality, ■•onin of which is not mfieqm nily niaiginal 
land in the ctne fhal it would not be worth occupying if any 
appiecialilt; rciitMirr chirgid foi it and the faimcr, who will 
pay uiit for tlu land of siipmor quality, will get the niargmal 
land thrown in for nodiuig 

Chiio the maiginal land consists of that land the produce 
of winch onK just covers the costs of cultivation plus a noiinal 
return to the farmer Nothing is left over foi rent But what 
of the land the cjuality of which is supeuor to the marginal land ? 
Wh<i.t dctcrnimes the icnt paid for this better qualiti, land ? 
It will bo sufhi lentlv obvious that the rent of a piece of land will 
tend to equal the difleuntial advantage of cultivating the land 
m question rather than land on the margin of cultivation Suppose 
a faimer is thinking of renting a particular farm, bow will he 
compute the rent he is prepared to pay ^ Clearly, he will estimate 
how much the proceeds of the farm will yield on the one hand, 
and how much eicpense he will incur in running the farm plus a 
normal profit for himself, on the other If there is a balance 
aftei he has allowed tor his expenses and his remuneration, he will 
bo prepaied to offer the amount of tins balance as rent He will 
not oflei more than this — othciwise he would not obtain adequate 
remunoiation for himself It is useless for him to offei less, for 
he would be outbid by the competition of other fanners Thus 
the Unrllord is able to obtain for the use of his land a rent amount- 
ing to the value of the differential advantage of cultivating his 
land, in excess of th< rvi^s rent obtained from the marginal land 

Rival Remands foi Land. .So far we hav'e considered the 
demands lor land as il fhev vveie unifnim It is now necessary to 
distinguish the ditfcii nt kmdo of demand for laud, since land may 
be Used for a varii ty of puiiioae. When we take account of the 
variety of us<‘s to which ,i piece of land may be put, the concep- 
tion of the differintiil advantag. which a piece of land possesses 
over the raai gm.al land become i more cninpheated Tho mai gma) 
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huid fur (lilt. Unil on V/hiuh it only just pay^ to build 

h'lusci) IS oli-v Kumly not the Srimi; as the marginal land for 
a'liiultiiu 11k- uiiUgitwl land lor lions- s oflicts, oi cinemas 
(1 itmilv lannnt hi di-sdilxii as sites ithiih VieW no rent 

\‘ n jsiids m iiu [IK I ( 1 of I Old, (here can In no doubt as to the 
imijio-i . lor wliiih tlies laii most piolilablv be used A site 
III I ho Him I dll Sti >ti niolnioii ly In ii^. d morr jii ofifahb for 

oh II 1 111 ui fill uiv ottiii (/iiijiii I Hut jiist li (lull ;uc jHi-ces 

old I u ultui d I md « liii li It o oiiK just uoitli 1,111111 to lakt mto 
I iiih V .i( loll sotliio III |)ii 1 1 s of I itirl wliii h il IS onlv just worth 
idiili III 1 iiijilov .1 iiti s toi lioiisi , Hut 111 ! SI- mat giiial housing 
I'M 11 I ill land will Hot hi III) Kilt I ind is w.is tlu lase uilh the 
m 0 "lid ,i',Mi ult inal l.nid lot lhi,_\ will li.iie altc iriiilive uses 
to wJui h Huy 1,111 [uolilahb hi jniL , Uii y lan be used for 

1 u ultiire, fni i saniplc, 01 as jinv.iU g.iuliri) How can we 

cstimati thc' Tint which tliesi marginal hoiisuig sites will com- 
maiul '' Clearlv a rent will have* to be paid fur marginal housing 
land sutiif lently hij'h to prevent it from being no-d for agru ulture, 
Simil.iily Hide aie alttinatne uses to whieh agneultuial land 
can be put Tim highly feitile hop land of Kent could be used 
for wheat, vpgetablis or fruit glowing Hence, the marginal hop 
land will conuiiaud a leiit sufticicntlv high to attract it ai^ay from 
Its most priifitahle alternative agneultural u«e And thc better 
quality hop land, the hop land that is superior in quality to the 
marginal hop land, will command a rent higher than that of the 
niaigm il hop land, m proportion to thc ditlerential advantage 
ot cultivating thc suprnor land m question 
r.Iaigin of Transference. Just as we found it necessary, in 
our auciljsis of consumers lioniarul, to focus oin attention on the 
luiiguial utility of goods and services, and in oui analysis of 
ilistiibutioii, on the- marginal pioductivily of the factors of 
piudurtioii, so, in thc cast of land, it is at Hit margin that the 
signdic.int changes horn the sonal jionit of view take place. 
Whin agiii-idtuial land is takin ovci foi thc puipose of 
hnusiiig 01 whin housi s arc piillerl down to build riiiema,s, 
ih.’ii is lit tal mg jilai c whitli are of coiiMih ruble importance 
fill til coiiiniiuiity If agucultiiial laud IS taki n tn er for building 
siUs, the lomiiuimty it. alhiUd b> the icsiiltant tendency for 
tfie pnci s ot taini pirodiiti to nso and by tin inioads mto the 
coiinti) side If hollies aio {iiillcd dov/n to build cinemas, this 
will mi an that liouse room will bccoiaii moio expensive. 
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LESSON 36 

Saving from the Viewpoint of 
Economics 


K }irive already seen in the Lessons on the economic 
organization that the dement of time plays a funda- 
nU'iilal idle in production. In the lir.st place, tlio actual 
processes of pioductiou take time. From the moment wlien the 
nccoH'-iai y uiw nuiLcrial.s of a motor-car, for o.xainple, are assembled 
at the factory to the I’mal stage when the coinjileto car emergea, 
a caiuiwlcrahlc period of time elapses. In some cases the proces.s 
of production, is comparatively sliort ; in others, such as 
agriculture, it i.s comparatively long ; but in all case.s production 
takes time. Nor is the element of time involved only in the 
actual proce-is of production. It is also involved in the provision 
of the machines, buildings and other forms of fixed capital. 
For all these durable ineaii-s of production take time to wear out. 
If, for example, a manufacturer decides to install a certain 
machine, he lay.s out the money for it immediately he makes the 
purchase, but several years must elapse before he can extract from 
it its full utility. To put the point technically, the “ consump- 
tion " of fixed capital take.s time. Thu.s, if production is to be 
profitably carried on, the element of time involved in the processes 
of production and in the use of durable instruments of production, 
mast be provided for. 

To take an e.vample : in. order that a fanner may bring 
wheat to market next year, it is necessary that he should prepare 
the .soil and sow the seed this year. It i.s also neecs-sary that he 
should harvest the wheat and stack it until it is ready for thresh- 
ing, before he will be in a position to bring it to market to got the 
return for his labour anct to recoup himself for the expenses he 
has incurred ; that is to say, he has to maintain his workers and 
himself, and pay for his seed during the year that must elapse 
before hi.s produce is ready for the market. But in order that he 
may be in a position to do this, either he or someone else must 
previously have consumed less than their purchasing power 
entitled tltcni to do. In other words, in order that the farmer 
may bo provided with the nect-s.sary capital to tide him over this 
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iuli.-jviitiiiiy tiini; pcriort, nitht;r hfs or someone else must have 
If the farmer himself lias not saved the necessary 
auiotmr, then he must either hoirow it direct or, as happens in 
iiifist cases, i.hioip;!) tlie niudiiirn of tile banlcs. 

Necessity of Saving. Thus the element of time involved in 
pniductiun is provided for hy saving, or “ waiting,” as ecoiiomista 
(ificn piflri torall it AsMr, H. I) Honderaon puts) it in " Supply 
,iud I ii'in.iiid " : 

■ ft 1 , not l■noui',h flint tlie lariuer ;iud Ids labourers should 
v.dil: , no less csscidtal i.s it that .loiiieoiif should rvait. The 
UinuT imr;! w.iit until lie has sold his rrojis, both for the reward 
of In 1 ravn labour and for the i<-i>:iytnent of the wipgcs he advances 
in llif nicantinie to his labourers Or. if he cannot afford to wait, 
and lionow.s iii anticipation of the haivest, tlicn the lender must 
wait until the fanner, having sold his crop, i.s able to ve[iay him. 
'Ihu'.i the period of time involved in all production givc.s ri.se to a 
demand for wailing which is the essential reality underlying 
the phenomena of cfipilal and interest. It is really this which 
con.stitutes an independent factor of production distinct from 
labour ami nature and equally necessary." 

Waiting, however, is not only essentia) for the provision of 
circulating capital. The provision of fixed capital i^ equally 
dependent on waiting. When, for example, the farmer purchases 
a now tractor plough, either he or the lender (if he borrows the 
money) must " wait,” until he can recoup himself from the sale 
of the crops the plough enables him to produce. He has to lay 
out tilt? noce.s.sary purcha.se money at the time when he requires 
the tractor, but he has to “ wait ” several years before he can 
extract from it its full utility. Or take the case of a man who 
purchases a house for jfi.ooo. He lay,-? out the money when ho 
I'lXiuires tfic house, but many years elapse before it yields him a 
/i.ooo worth of services. During this period he must wait. 

A person is said to save when lie refrains from spending a part 
of his income. If a man lias an income of /500 a year and he 
spends only /(.too, he will save the balance of £->00. The saving.s 
of the community consist of the sum of tlie savings of individuals. 
Thus thr annual national savings in any year equal the sum of 
the ditfcreiii:e.s licdwcen the money mcomi.'s of iiulividuaJ.s anil 
ihiur inuiiev expenditure on consumplioii. the total savings 
1 1 institute the ainouiil available for iiivestmei’it. Saving, how- 
ever, is a merely negative act. In order tliat saving may become 
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smbodierl in soniR form ol capital, it is necessary that someone 
siiijuld make use of the money that is saved. In the Lessons oa 
tiie economic organization we saw how the various institutions 
which make up the financial system of the country facilitate this 
process of the tran.slation of .savings into capital. Thus the banks 
are responsible for the provision of tfie bulk of the circulating 
capital required by the tHisines.s world. Wlieii a person decide.s 
to keep a ca.sh balance of ^50 at tlio bank, ho is vii tually providing 
the cornmunitv with circiilaling capital, for the bank is enahled 
thereby I0 extend its loans to business men. 

While the hanks are niinnly responsililo for the supply of 
circulating capital, thu .stock O-xchauge. the issuing housc.s, and 
" financiers " are responsible for the .supply of fixed capital, 
'fhns when a per:, on deckles to invest £1,000 in, say, the motor 
industry, he instructs his sUickhroker to make the necessary 
purchase of shares. This transaction, of course, does not of 
itself result in an increase ot fixed capital its immediate effect is 
merely to transfer the ownership of a certain amount of share 
capital from one person to another. 

Hoarding of Saving's. The rate of investment, however, does 
not nece.ssarily correspond to the rate of .saving. This is 
notoriously the case during a trade depression, when capital 
accumulates in the banks. It is this excess of saving over 
investment which i.s the proximate cause of the decline in business 
activity and the increase of unemployment. For the savings 
which would nonnally be spent on building factories and ships, 
on producing machines and the various forms of material equip- 
ment, run to waste in the hanks. This is because business men 
are so uncertain about the future that they are unwilling to 
undertake new enterprises, however abundant and cheap the 
supply of capital may be. 

In norniat circumstances, however, the rate of investment 
keeps in step with the rate of saving. To maintain this harmony 
between saving and investment is the chief function of the 
Bank of England, its weapon for this purpose being the bank 
rate. If investment is tending to run ahead of .saving, it can 
discourage bovrowers by raising the bank rate, and vice versa. 
Thus the bank rate plays the same r 61 e in relation to the demand 
for capital as prices play in relation to CQranioditie.s in general. 
It cuts off all demand in excess of the available .supply. 

Our Coursfi ifi £c‘<)nomics « continued in Volume 5» 
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LESSON 22 

Engineering Aspect of Refrigeration 

(Sec plate 42 ) 

I! h;iv(! rli'filt in provions I.gssoos in this Course vvitl) ttie 
[jroiliicf.iori of lieat and (lie ooiiv'oraion of heal to work, 
'i hc un-chanical produclion of cold is a furl her branch 
of riiHii)i-iTitii;, with ilHinri) special problem-, and (Jilficii Ifics, and 
il, i'i e, blanch which is of incii'usinsj iiujiortaace in our everyday 
live i Meal finin Iho Arf.;entine, inultou from New Zealand, 
fruit fioiii South Africa, etc., are made jiossiblf; only by the 
iipp'lication of rcfripeiation Our supplies of fresh firdi, fresh 
meat, fresh milk, and of certain classes of fniit.s and vegetables, 
depend upon Ihe preservation f)f tlie.se articles at the correct 
temperature during the period which elapses between their 
collection from the proflucers and tlieir distribution to the con- 
sumers Kffrigeratiug plants are also used in inciustriai processes 
— for example, in the brewing industry — and for the cooling 
of the air supply to theatres and other large buildings. 

In any refrigerator the working substance (called the roifrigerant) 
passes continuously through a cycle of operations. At one part 
of the cycle, while the refrigerant is at a low temperature, heat is 
absorbed from the body to be cooled, and at another part of the 
cycle heat is given out to some cooling medium, usually water 
or air. In order that the working substance may take in the heat 
while at a low temperature and give out the heat while at a 
higher temperature, it is usual for the substance to pass through 
chang'cs of state during the cycle of operations. At certain 
stages it is in a liquid form : at ottiers it is a vapour. In order 
to understand tlie operation of a refrigerator it is necessary to 
lit- ([iiite clear a.s to the conditions under which a substance 
diangL-s from iicpiid to vapour or from vapour to liquid. 

Wo have already considered, in connexion with steam engines 
and boilers, tlie processe-s of evaporation and condensation, but 
it would be well to recapitulate liriefly tlm main points. For a 
given aiihstauce the cliauge of state from liquid to vapour take.s 
pi.i,ee at coniilant tempeiaLure, called the saturation temperature. 
Ih'ut mu.st b<; supplied to the liquid during evaporation, and 
abiitructcd from the vapour during condensation. This boat, 

( sie5 ) 



ENGINEERING 22 


which causes a chatige of stole but no change of temperature, is 
known as Uie " latent heat." The saturation temperature depends 
upon the vapoui pressure acting upon the liquid, and upon the 
nature of tlie substance itsell, 

Refrigeratfve Substances. At atmospheric pressure, water 
evaporates at loo degrees Centigrade, hut at zoo lb./s(i. inch the 
saturation temperature i.s rauscil to 105 fleg C. Two of the sub- 
stances used e.-^tensiv'ely in refrigeration are carbon dioxide and 
anunonia At iitinospheric pressure carbon dioxide evaporates 
at a temperature of ~8o deg C., that is, it is a gas at ordinary 
temperatures , in order to raise the saturation temperature to 
o deg C. it IS necessary to increase the pres.su re to about 300 lb./ 
sq inch h'or ammonia the sainration teuiperatnro is ~33deg.C. 
at atmospheric pressure, o cleg. C. at about 60 Ib./sq. inch, and 

20 deg. C. at 125 Ib.ysq. 
inch. Thus, if we have 
liquid carbon dioxide 
at a pressure lower 
to tfto than 500 Ib./sq. inch, 
’^Oudst or liquid amnaonia at a 
pressure less than Oo 
lb /sq. inch, contained 
in a vessel immersed 
in water the refrigerant 
would absorb heat from 
the water and evapor- 

NEFRIQERATIQN. Fig. I. Simple diajrim showing saturation 

the principle of the teirigeratmg machine. temperature would be 
Claurim of Metirs. J. rf- H. Ual: Ltd. than Q deg. C. 

The ab.sorption of heat from the water first reduces its tem- 
perature to o deg. C., and then, as further heat is extracted 
at this temperature, tlie water is gradually converted to ice If 
the operation is continued beyond this point, tlie temperature of 
the ice ia further reduced until it appiroaches the saturation 
temperature of tlie refrigerant. 

Nearly all refrigerators are of the " vapour-compression " type. 
The sequence of operations may be be.st described with the aid 
of the diagram shown m Fig. 1. The plant consists essentially 
of four parts ; the compres-sor, the condenser, the regulating 
valve and the evaporator These are connected by piping to 
form a clused system through which the refrigerant circulates. 
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Tlje compvessor is similar m principle to the reciprocating type 
of air compressor discussed in Lesson 2i (Volume 3, page 306), 
and is fitted with automatic suction and delivery valves, The 
refrigerant enters the compressor cylinder as a vapour at a low 
ptahsuvi; arid temperature and is compressed to a high pressure, 
and to the cortcspondirig saturation temperature The high 
pressure vapmn I lien passes to the condenser 111 which cooling 
walci llovv;, .u'ljuud the pipe containing tlie refrigerant, the 
laftei givi- up it.K latiMit heat to the cooling water, and the vapour 
eonileu,'-, to liijmil ,it the same pi'essuri and ternpeiatiire. 
(I’iiially, in ordei to ensure that tlie vapour is conijjletely con- 
deiiMid, till: laiuid is lurthcr cooled slightly below the saturation 
tumperatnie. The refrigerant leaves the condense! as a liquid 
at a conipamtivoly high pres.-,iiie and moderate tempierature. 

The regulating valve is simply a lestne.lusn to flow along the 
pipe, rtssiilting in a difference in pressure on tlie two sides of the 
valve. The valve is used so that the restriction to flow may be 
varied to suit diflereiit conditions of operation : while the plant 
is svorkmg norinally the valve remains fixed m a definite position. 
The anioiuu ol the restriction must be such that, at the reduced 
pressure attei passing the valve, the saturation temperature ol the 
relrigvrailt is less than the temperature of tne substance to be 
cooled. In the case considered 111 Fig. i, thesubstance to be cooled 
i.s brine, a solution of common salt in water . brine is used 
because it does not freeze at the temperatures used in practice. 

Cycle of Refrigeration. The liquid refrigerant at a low pressure 
liow.s into the evaporator, where, on account of the difterence 
between the saturation temperature of the liquid and the tern- 
jierature ol the brine, heat flows from the brine and the liquid 
evaporates, leaving the evapiorator as a vapour at a low pre.s.sure 
and a low temperature. It then enters the compressor, where 
it i.s compre.s.sed again and proceeds to repeat the above cycle 
of operations. The brine is cooled as it flows through the 
evaporator, and is then circulated thrwigli pipes m the cooling 
chambers at the rate required to keep these rooms at the required 
low temperature . 

It will be seen tfiat the plant fields two closed systems coii- 
taminy continuou.sly circulating fluidti. The brine absorbs heat 
iroin the atmosphere in the storage chambers, and gives out 
this heat in the evaporator. The heat given out by the brine is 
atworbed by the refrigerant as it evaporates, and this heat, 
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togetlicE wiCh the heat given to the refrigerant in the compressor, 
must he given up to the cooling water in the condenser. The 
action goes on continuou.sly. the rate of circulation of the 
refrigerant being controlled to give the desired conditions of 
tern pe rat lire m the cooled chambers. 

In some plants, especially in the smaller sizes, the brine is 
dispeiiseil witli, and the evaporation of the refrigerant takes 
place in the .space to he cooled This would, of cour.se, be 
iinsiiitahle wlierc one plant is n.sed to cool a large number of 
chamhera, perhaps considcralile distances apart. Figs, i and 3 
(Plate 42) .show parts of the plant n.sed to carry out the 
operations diseu.sscd aliove. The former is a photograph of a 
three-cylinder compressor for an ammonia plant, driven by a 
I Ho hor.se-powur electric motor. The compressor is single acting 
and single stage, the three cylinders being used to give a more 
uniform turning moment on the crankshaft. The other illus- 
- tration shows an atmospheric condenser, air instead of water being 
used to condense the retngerant after it leaves the compressor. 
The coils of tubes are usually mounted on the roof of the engine- 
room, or in some convenient position in which there is an ample 
circulation of air. 

LESSON 23 

Refrigerators for Stores and Home 

(See plate 43) 

I N the preceding Lesson the vaponr-compres.sion type of 
refrigerator was described. We must now consider 
another type of refrigerating plant, the vapour-absorption 
type. The absorption plant is not so suitable for large sizes 
as the compression type, bc-cause it is not so efficient in operation. 
For small installations, however, it has decided advantages on 
account of its simplicity in operation. One well-known household 
refrigerator operaU'.s on a modihcalioii of the vapour-absorpition 
cycle ; it has no moving part.s wliatever, and is therefore free 
from wieclianical troubles. It only reiiuires the applieation of a 
small .gas or oil ilame at one part of the apparatus and a small 
supply of cooling water. It Ls on account of the possibilitie,s of 
this type of plant foi small refrigerating sets that a description 
is included in this Course of Lessons. 
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The rpfrigorant usua)ly employed in such a type of re-frigerator 
ammonia, and the name " ali&orption ” is derived troin the 
fact that in one of the oiieraticnis tlie amraoiua ir ahsorbed by 
nater. 'Jhe cycle of operations is indiciited fliagramnmtically 
in l‘ig. I. The evapoialor. the condonsei and tlie regulating 
valve hcive the iiarne purposes as in the conipiessioii type of 
plant, hut the cam[i!es;ior i.s now replaced by txvo vessels, the 
tib'ioibi I and tbc geiieiiilot. and a small pump In the absorber 
the low pie',, me and low tciniioratiirc vapionr leaving the 
evapooifo! IS absuibcd by walei, m whiiTi atiurioriia is tetidily 
Boliiblo '1 he solution of aniiuonia and water is pumped into the 


E\'!ptirahr Genurator Condenser 



REFRIQERATOR. Fi». 1. DiCitain ihciun,; the cycle ot operations in an 
absorptieii type ot ri.in<cr,itor. 

generator, where the pressure is high. Heat is applied to the 
gi-neiator, either by a direct flame or by steam heating coils, 
and the ammonia is released fioni the water as a high pressure 
va[Hjur. It IS then condensed to a Ikpiid m the condenser, and 
the lu[uUl ainnioiiia is allowed to flow through the regulating 
valve to the legion ol low pressure. The low pressure is such 
that the '■aturalion temperature at tjiis pre.ssure is less than 
the tiriiie temjiei ature, so that heat flows from the brine to the 
aniiuonia, winch evapoiates ; the vapour passo.s to the absorber, 
iiUt! the cycle ol opei.itions’ i.s complete 

it will he seui that the essential diftercnco between the two 
type j ol plant lb 111 the arrangements made fur raising the pre.ssure 
of the ammonia vapour. In one case this is clone in a compressor ; 
in the other cu.se the, vapour is absorbed by a liquid, the liquid is 
pumped into the iiigh pressure generator, and the vapour is 
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liberated from tlie liquid by Keating. The water from which 
tliR ammonia has been driven off is returned to the absorber by 
way of the valve sliown, so that the same water is? used con- 
tinuou-sly. This latter method would be too cumber.some for 
large plants, for which the compressor is invariably used In 
one modification of the absorption type of refrigerator, however, 
the necessity for the pump is eliminated, so that, as .stated above, 
there are no moving parts whatever : this is a very important 
consideration when the apparatus is required to weftk without 
skilled attenliDii 

The modiliratioii made to the absorption plant to eliminate 
the pump lie.s in the mtrndiiction ot another gas at one part of 
tlia eyefe. The higfi pressure part of the cycle is as described 
above. The liigli pressui'e liquid ammonia leaving the condenser 
Hows to the- eva[iorator, to which a supply of aPOthcr ga.s, 
hydrogen, 13 also turmshed. The total prcssuio is approximately 
cuiistanl tbrouglimit tbe whole plant. Isow, when 'two gases 
are mixed, the total pressure is equal to the sum of the pressures 
that each would exert if it alone occupied the space under 
consideration 

The pressure of the ammonia in the evaporator is, therefore, 
less thaii its original pressure by the amount of the pressure of 
the hydrogen, FurLhoi, the saturation temperature of a liquid 
does not depend upon the total pressure acting upon its surface, 
but upon the pressure exerted on it by its own vapour. Hence 
the introduction of the hydrogen reduces the saturation tempera- 
ture of the ammonia. If this .satin ation temperature is less 
tlian the temperature of the sub.stance to be cooled, beat will 
flow to the ammonia and it will evaporate. The mixture of 
aninionia vapour and hydrogen passes to the absofber, wliere 
the hydrogen is relea.sed as the ammonia is absorbed by the 
water , the hydrogen then returns to the evaporator, the whole 
process being continuous. 

The important pihnt about the refrigerator just described is 
that the total pressure is appro.ximately constant throughout, 
so that there are no valves to be considered ; the effect of a 
low pressure at one part of the cycle is obtained by introducing 
the other gas. The ve.ssels are charged with the correct quantities 
of water, ammimia, and hydrogen during manufactiir©, 'and the 
whole apjiaratus is sealed up. It is only necessary for the user 
to supply the heat for the generator and a supply of cooling 
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water The evaporator is usually placed directly in the chamber 
to be cooled, riiul the brine is not required. 

Cold stores arc re<]uircd for the presei-%'ation of perishable 
food-stuffs ol all kinds Ships arc fitted with cooled chambers 
for the traiibijort of meat, fruit, butter, etc,, over long distances 
;uid through tropical climates. After arrival in this country 
thi-i.e supplies must be kept in storage until distributed to 
retailers, ,uid now even the retailers are linding it advantageous 
to install icfrigcrated eiiaiiibers in wliich to store their perishable 
goods hinally, m warm countries refrigerators are installed in 

illdividual house.-,. 

Ill huge plants the stoiage rooms are cooled by the circulation 
of cold brnii' through pipes attached to tlie walls and ceilings, as 
shown in Fig. j (Phatc-i-j) To lodnce to the mininuini the quantity 
of heat to he abstracted from the air in the room, the walls are 
iii.sulated, that is, padded with sonic material, such as cork, 
whicli resists the flow of heat from the outside. The actual 
conditions required inside the storage room depend upon the 
particular product to be stored. Much research work is being 
carried out in order to determine the best temperature for 
difiereut clas.ses of food, and the periods during which they may 
be stored without deterioration, • 

Home Refrigerator. A domestic refrigerator is shorvn in 
Fig. 3, Tile cooling unit in this case is of the type described 
above, ill whicli all the mechanical parts are eliminated. The 
evaporator i.s placed inside the cupboard, behind tlie ice trays 
seen on the right-hand side. The other parts are placed in the 
smaller cupboard partly hidden by the open door One of these 
cooling units i.s shown in Fig. 4, detached from the cupboard and 
mounted upon a stand for demomstration purposes. It will be 
seen liow the evaporator is separated from the other parts of 
the apparatus, so that the cooling effect may not be reduced by 
the conduction of heat from those parts wfiich work at a higher 
toinpeiature. Although, as staled * earlier, the absorption 
relngeiator is not, in general, as efficient as the compression type, 
the simplicity and compactness of the above type give it a 
decided advantage wlien compared with oilier refrigerators in 
which a compie.s.sor and eittier an electric motor or some type 
of en.gine arc e.-isential features. 
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LESSON 24 

Factors in the Use of Water-Power 

(Sec plate 4't) 

^Y^HERE hits been great development in recent years in the 
I water-power resources of tliis and other countries, and 
this (levolfipnient is likely to be continued in th(; neat 
future, more especially in tliose countries whicli have not got a 
pkmtifnl supply of cither coal or oil. Wiiiio the generation of 
[lovvor from wati;r is a very attractive proposition, it has the 
disadvantage that, in general, the most favourable position for 
the power plant is fi.Ked by Nature, aud is u.sually removed a 
con.sidcrable di.stance from the best positions for the utilisation 
of the power, Mouutawous districts with heavy rainfall are 
best suited for rvatcr-power schemes, but these are not the best 
Conditions for the location of industrial works. Instead, ease 
of tramsport and proximity to supplies of raw materials have 
been the determining factor.s in the past. 

The great advances made in the distribution of electrical 
energy h2ve opened up a new field for the application of water- 
power. W'hereas, in the p^ast, the utilisation of the power 
available from running water was confined to small plants, 
situated on the side of a stream and using the old-fashioned 
water-wheel, it is now' possible to generate power in large stations, 
situated in the most convenient positions for efficient operation, 
and to distribute this power by electrical conductors over large 
areas to individual consumers. The water-wheel has been 
superseded by the water turbine, and the efllciency of the pow'er 
station has been raised by continual improvements to plant and 
equipment. As more experience is gained with this form of 
power production, and a? more knowledge becomes available 
as to the natural water-power resources at our disposal, it is to be 
expected that further development will take place. This develop- 
ment will depend, of course, upon the supplies of coal and oil 
available as an alternative source of power, but for political as 
well as economic reasons those countries which have only small 
supplicssof liiekswiil develop their water resources to the utmost. 

The design and con.struction of a water-power .scheme piresents 
many problems of a diverse nature. In contio.xion with any 
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proposed scheme it is first necessary to obtain information coti- 
cri ninfi the rainfall in the area consideied and the rate at which 
ihip water finds its way into the sti earns and rivers. This latter 
rjue.stion depeiicls largely upon the geological nature of tile sub- 
soil. and is very impoitant, as it detcrminef. the minimum quantity 
of water whirli will be available. From a knowledge oI the 
nmimuiiti quantity available and the aveiage flow, it is then 
[1(1.’ il lie to (Icteiniine the amount of storage which will be 
iii'irs,riry to generate the requned power The natural facilities 
l>ii ..toiai;!', .Mich as l.tkcs and [loiids, must be taken into account, 
!!■, ucll as the cost involved lu pioviding artilicial storage Theise 
i.niditions of ininiiniirn flow and capacity for storage set a limit 
(II Lliij power available. 

.dftei a [irelimitiaiy iii.sperf loii of the prospects of a particular 
scheme, a survey must be made m order to determine the best 
po-.itioiis for dams, power-huusos, etc Alternative schemes 
are then prepared, and e-.timates made oi the cost of different 
types of construction and ditfeient arrangements of plant When 
the most suitable scheme has been selected the constructional 
work begins. This involves, on the part of the civil engineer, 
the building of dams, boring of tunnels, laying ol pipe-lines and 
digging of canals. The mechanical engineer builds arW installs 
the ivater tui bines, valves, control gear, etc., while the electrical 
engmeei is responsible for the erection oi the generators, trans- 
formers, power transmission lines, sub-stations, and all equipment 
necessary for power distribution 

In any power scheme the energy available :a the water depends 
upon tlie quantity of water flowing through the turbine and upon 
the available " head.” The head ol water is the height, measured 
’. Citicaily, from the level of the water in the reservoir to the level 
(if the water in the tail race leaving the power-house. If l lb. 
water falls through *o it. it is capable of doing 20 ft. lb. of work, 
so that the encigy available in the wa^er is directly proportional 
to the head, or the rlistance through winch it falls For a given 
power, tlu'iclore, the quantity of water required depiends upon 
the ■nvailirble liead , the low'cr the head of water, the gre.ator the 
([ii.uiLily necfs.sary. Further, the greater the quantity of water 
to lie dealt with, tlie greater the size of tlie turbines, power-house, 
((Uials, etc., and therefoie, tbe more expensive the whole project. 
It will be Hft'n from flic above that the available head of water is 
one oi the iiiquirtaiit tactor.s in deciding tbe most favourable site 
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for a vvator-powor plant On tho otlier hand, a hisu head of water 
is generally associated with a rapully-faliiTig stream, that is, it is 
Qtilv available in mounlaiiums districts, and, therefore, a con- 
siderable distance away from industrial centres. Indeed, in 
certain cases it has been found mote ecouomtea! to build the plant 
in a position where only a low head has been available, rather than 
to convey the power over the long distance Ironi a site where tllore 
is a high heiui of water 

Rainfall. In an estimation ot the probable quantity ot water 
avHikible troin any given di.strict, and the probable fluctiiatums 
in till' How of till' .streams and rivers, it is very lielpful to he atib 
to refer to accurate records of the rainfall over long periods, fit 
auy district the rainfall varies from month to month and from 
year to year, and it varies in ditleieat districts according to their 
geographical position ami phy.sical coiihguration. M'lunlauioiis 
districts which are situated in the path ot wiiuts that have passed 
over large stretches of water have generally a heavy rainfall. 
In the British Isles, for example, the prevailing wind is from the 
south-west, and this becomes charged with moisture in its 
passage over the .‘\tla.utic. The mountainous districts on the 
west coasts of Ireland, England and Scotland have, therefore, 
a heavier rainfall than the more easterly districts, Cork and 
Kerry in Ireland, Wales, and Cunibeiland in England, and the 
Western Highlands in Scotland are the districts with the heaviest 
rainfall. It will immediately be noticed that, in general, these 
are not higlily industrialised districts, and, therefore, water- 
power plant erected in the.se regions cannot rely upon an extensive 
demand for power in the immediate vicinity. 

Stream Flow. The variations in the flow of a stream depend 
upon many factors be.sidcs the quantity of rain failing on the 
area drained by the particular stream. While a certain amount 
of the ram flows alnio.st iinniediatcly into the streams and rivers, 
a large tpiantity sinks into the ground, and only gradually finds 
its way to the .streams ' The quantity which sinks into the 
ground in this way depends upon the nature of the subsoil, 
whether impervious, a.s with clay, or porous, a.s with sandy 
subsoil. It depends also upon whether the ground is flat or 
hilly, and upon whether the surface is wet or dry. 

The most {-avonrablu district for a water-power scheme is 
that in which only a .small proportion of the rain fiowa immediately 
into the streams. The water which .sinks into the ground acts 
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a . a natural icvrvoa, mamtainnig the- flow of the stream in times 
of (Ifonght. and reducing the tendency to flooding in times of 
lieavj lain 'Ihe nioie unifoim the flow, tlie smaller will be the 
ixpMidiluic on aitiluial stoiage to obtain the highest possible 
t-oidiinioiis power from a guen nvci 
'I h( impoi laiicf of having accuiate information on the minimum 
IS will a, till avirigt lati of flow of any given river has been 
1 iiipli 1 1/1 il iliovi ft 1 also mcessiiy to know the maximum 
I ill (it 1 \ ol llu iivti oi tiu flood di ch u gt bt c iiiso accom- 
iiinilitiiii um t 111 piovKhd (o illow this watti to flow away 
\ i-Sli 111 111 ( dm till sill loiiiidiiig loimtiy When a dam is 
1011 tunidl I'lOs^ i ii\(i to im[ioun(l walir foi a watei-power 
pi ml iwiii and pillv i> iim t al obi pro nUd so that surplus 
i ab r in i> i i a[ii without ps sing tluoiic,h the iurl)in(.s Ihc 
1/1 Ilf tins spillway will ikpcnd upon the t strut b) which the 
flood dis lurgL of the rivir cxcerds the flow leqiiirtd 

LESSON 2'- 

More About Water-Power Schemes 

(s i piutt r ^ 

W HL^ tlie most cunvcniLiit site tor a [lowtr scticuie ha‘ 
been decidpil other iinpioitint titters which may then 
he lit lit with uiiictiii th- 1 ositioii iiid type of the dam 
(d a (I im is nquiKd) and tlic t position foi the power house 
in ri I li 111 to the (1 irii Iht rcsidt to fit ainnd it is tli U as rniK h 
as pi -•■iblt, of tilt 'rail ifilt head should be used witn the minimum 
of ('jiTise ind each sthciiie iiuist be coiisioeie 1 on its merits 
W itN ] owi r SI h lilts inav U dnided roughh into two classes 
high In d ind low he id llitiois- noikai tut line of doraarca 
lion Ixtwiin tlum liut a lugh ht id is geunally taken to mean 
not bs til ill yoo hit Just as tlim _a!i two types of steam 
tuibiiu II tluu lu two types of wattr tuibmts impulse and 
itaitiiiii Huso will bt (otisideud m moK dttul latti, but it 
may bt iid lu u tint is m tht steam turfiuu the impulse typo 
is giimdh lultir suittd ioi high vtloiitus of flow and the 
11 utu iii pt lur low v( loeitit 1 Since tlu vt loi ity of water 
ikpud 11] On till ofteiliM lu id btliiiui it the nnpidso type of 
tnibiui isu 11 lib 1, niployedtoi highlit ad selumefj and the reaction 
tytit toi low hiads 
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A hijjh head is generally associated with a long ^ipe-line. For 
instance, suppose the head is to be 500 feet, then t.iip water must 
be tfiken from tlie river at a point which is “jco leet, measuied 



verticdlly, above the point at winch it is dischctiged back into 
the liver Except in the <ase of high natiiial Waterfalls, such a 
duip 111 viatei level reipiircs a consuleiable di.stain,e bctneeiithe 
{Kimts at which the water leaves and re-enters th% river, 
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An arituigmient in winch the piiie-lme or open channel (called 
a flum<) m-iy be ‘ihortentcl by cutting across a sharp bend in a 
river IS shnv ii in Fig i The dam may oi may not be used , 
this depends upon the natuTa.1 fall in the nver and the natuial 
.iriaiigc ni' uts foi sloiage The function of a dam is essentially 
twofold, to inn MSI the av.ubiblo htad of water and to provide 
loi.i/' lilt pinvii lumsi may be anynhtie along the pipe- 
bill L( I oiding lo till n itiir il slojic of tin countryside 

A low In id SI hi 111' usually involvfs taking water fiom one 
Ilk of i dim mil II turning it at the othir side One possible 
.III in I nil 111 I shov ii iti 1 i ' 2, v/liii b is a [il.ui view of dam and 
pov I 1 bon < 

Diltiiiiit t}pis of cnnstuii tion aic uloptid depi iiding upon 
till hi id of w itir to be icsistnl and upon the niliui of the sub- 
>oil Lsailible lb a foundation For low heads solid dams of earth 
or niasoiin ait Ubcd the weight of the dam itself giving it the 
roquirwl stibiJity against the force c'ccrtcd by the water upon 
its upstream tace For higher heads the buttiebsed dam may be 
used In Ihib type, the upstream side is sloping, as shown in 
Fig 3 so that the weight of tin water acting upon the dam helps 
to Ivt'xi it in position The faci of the dam is of reyifoiced 
coniu tc and it is supported by vertical buttichses at intervals 
along Its lenijth The type show n is not suitable for taking sur- 
plus V all r (All the ercit of the dam If this were requned, a 
sloping tacL would be provided on tlu duvastieam side also, 
the spat! between litiiig uollou Mcipt for the bultrrsseb from 
one face to the other at suitable diiUiiets apart 

With any dam a spillv ay must be piovided, to allow suiplus 
vvatei to iiiiitmiic on its way down the river In some eases, as 
nuntioned above, tlit vvatfi is allowed to sjnll over the crest of 
the (l.ani In other eases the top of the d.im is dry, and a special 
vhaniul ii cousti iietcil to pass auiund the dam, as shown 111 
1 1,, I A will IS providctl upstream Ir«ni the dam, the ciest ot 
tin wt u bf irij below the top of the flam The weir and spillway 
must b< of suliieieiit si/c to allow flood vvatei to escape vvithoul 
auv eonsicli'iable inCie.ise in the hf ight of the nvei, otherwise 
fi'iodm.; might occur tarlhet up thr iivfr la some tasis spetnl 
nun.ible vvui , arc built into the dam itsiU, in addition to the 
li\‘ d Well upstream, to allow inori vvatei to escape 

Dams built loi very high heads and bhuit spans are usually 
of the arch type Where the dam is to be coiistiucted across a 
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narrow, "roclcy gorge, the thrust of the water on the face of the 
clam may be transferred to the sides of the v, alley. The principle 
is the sauie as that underlying the construction of an arch type 
bridge, con-siclered in Lesson 6 (Vohnne i, page 263). A rein- 
forced concrete dant of this type, seen in Fig. 5 (Plate 4c;)_ jj, 
the main ilatn of the Maentwrog hydro-electric scheme in hforth 
VV'ale.s. The .space between the footbridge and the crest of fim 
diuu provides a .spillway for the surjdus flow. Towards the far 
side of Iht; ai'cli may be .seen the crmtrol gate for tlie water iiviake 
chamber ; this control gate is provklcd so that the. entrance to 
the pipe-line may be .shut off. The water from the ilitifho 
chamber Hows llirongb tunnels and pipe-lines, totalling irbout 
two niihis in length, to the power station situated on the Ijanlcs 
of the river lower down. The total head from the top of the 
dam to the floor of the power house is about 630 feet, 

LESSON 26 

Water Turbine Installations 

(See plate 46) 

W A'iTiV waitrr /si'i's ATrui’y /mTt iwte- iV'Hn' to Hg 

velocity increases, and this increase in kinetic energy 
may be used in producing rotation of a wheel. In 
modern turbines the water is directed against suitably arrimged 
vanes on the periphery of a wheel ; the vanes cause a change 
in both the magnitude and the direction of the velocity tj£ the 
water, and hence a change in the momentum of the water. This 
change in momentum acts as a driving force on the vanes and 
causes rotation of the wheel. Thus the energy in the wa.ter is 
converted to mechanical energy at the shaft of the turbine, 
which may be usrul l<» thrive machinery, or an electric generator. 

In order that the conversion of energy may bo carried. *jut a.s 
ffiiciently as pos.-iible, all losses must be reduced to a minimum. 
I\i this end care niiist be taken in the design of a turbine to see 
that all changes in velocity, both in magnitude and directiotg are, 
gradual changes, as sudden changes cause loss of energy. Also, 
the surfaces guiding the ilow of the water must be .sniouth, to 
reduce the losses through friction ; finally, the velocity of the 
water leaving the turbine should be as small as possible, as any 
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residual velocity means that the water stiil contains a corre- 
sponding amount of kinetic energy. 

Impulse Turbine. There are two main types of turbine, the 
impulse turbine and the reaction turbine. In the former the 
whole of the available head is converted to velocity energy before 
tlie water readies tlie wheel. The water issues from a nozzle with 
ft higli velocity and impinges upon a &erie.s of buckets attached to 
flu; rim of the revolving wheel, the kinetic energy of the water 
being ab.soi'lied in giving the wheel its motion. The pressure 
iiisithi tlu! turbine casing i.s uniform, and the water leaving the 
turluiie flows directly into tlie tail race and so hack to the river. 

In the reaction turbine only a portion of the head is converted 
to Icinetic energy a.s the water approaches the turbine wheel or 
runner, and the pressure of the water is above that al the turbine 
exit. The difference in pressure at entrance and exit forces the 
water towards the region of lower pressure ; vanes fixed in the 
turbine runner are situated and shaped in such a way that the 
speed of flow and direction of the water are changed, and the 
corresponding loss of momentum of the water reacts upion the 
vanes and caii.ses the wheel to revolve 

The impulse turbine is better suited for high heads than the 
reaction type, but the latter is better for low heads. For^ given 
power the nec' -.f.sary quantity of water decreases, of course, as the 
available head is increased. In an impulse turbine it is not 
usual to use more than one jet on each wheel, but with the 
reaction type the water may be admitted all around the wheel. 
I'hus the larger quantities of water required at iow heads are 
easily dealt with in the reaction turbine. 

Reaction Turbine. The general arrangement of a low-head 
reaction turbine installation is shown in Fig. i. The available 
head in thi.s case is only about 9 ft. The head race is seen on the 
right, a .strainer rack being provided to prevent solid matter and 
floating debris from entering tlie turbine. The axis of the 
turbine is vertical ; the water enters at the sides and flows out at 
the lower end, as shown by the arrriws. A concrete-lined chamber 
is arranged around the entrance to the turbine so that a con- 
timiou.s supply of water is provideil to the whole periphery. For 
higher heads this volute chamber (as it is called) is more often 
made of cast iron, on account of the higher prc.ssures, but for low 
heml.s it is very coiiveiiienl to form it in concrete, as this gives 
a better surface finish with reduction in frictional losses, 
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These vanta are each pivoted in such a 
way that the direction in which they 
guide the water may he varied by the 
governor ; the area available for flow be 
tween .successive vanes is thereby varied, 
and tile quantity Qi rvater flowing is 
reduced or increased, as required. Fig. a 
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(Plate 46) shows the guide vanes in course of erection at 
the makers' works. The link.s seen on top of the casing control 
the inclination of the vanes. Each link is attached at its outer 
end to a lever fixed to one guide vane, and at its inner end to a 
ring which is operated by the governor gear through the two rods 
shown. The guide vanes themselves may be seen below the end 
cover, which is built into the concrete in such a way (shown in 
Fig. i) that the periphery of the guide vanes forms the inner limit 
of the volute chamber, while the upper side of the end cover is 
open for inspection from the floor of the power house. In Fig. 2 
the spindle of the turbine wheel or runner can be seen pro- 
jecting up through thecover. Bevel gearing is used to transmit the 
turbine power to the shaft of the generator, which i.s in a horizontal 
position (Fig. i). The runner itself is illustrated in Fig. 3, which 
shows how the vanes are shaped and curved in order to change 
the flow of the water. The photograph shows the inlet side of the 
runner, on which the guide vanes direct the in-flowing water ; 
the discharge is at the bottom. The turbine develops 430 horse 
power at 60 rev. per min., the large size of the runner being 
necessary on account of the low head and the large quantity of 
water required in consequence. 

The power scheme for which this turbine was built is the»I>inton 
Lock hydro-electric station of the city of York. Two turbines of 
430 horse power and one of 330 horse power were installed in the 
power house. The weir across the river gives a head of about 
9 feet, and the power house is built close beside it. The passage 
of river tiaffic is arranged for by a lock and canal leading from 
one side of the weir to the other. 

LESSON 27 

Two Modern Types of Turbine 

(See plate 47) , 

T he Pelton wheel is the modern form of tlie impulse turbine. 
The pressure energy in the water in the pipe line is con- 
verted into kinetic energy by clischarging the water 
through a nozzle into a chamber in which the pressure is that 
'acting at the tail race. The i.s.suing jet is directed against a 
series of buckets attached to the rim of the revolving wheel ; 
these buckets are specially shaped .so as to absorb the energy 
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In the case illustrated the buckets were cast in pairs 
to enable them to be securely attached to the wlieel. One 
of the double buckets is shown separately in Fig. 3.' 
It will be seen that each bucket is divided into two cup-shaped 
sections by a sharp-edged nb in the central plane of the 
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«!■''>! 7 hi- i-enln- ol the j«-l btnki-> thh rib, so that the 

slS' (III <)[ w.iti-r IS divided mlo Uvti parts. The water flows 
O'.r ' tile 'iiiootli, nmnded suiiaCc oi the bucket, and Its 
dm ( U m ijf Ilou iq irmipU-tety revervMl It the wheel were held 
'■d'tiriii iiy lia- w.ilcr would he discharncd hack towduls the jet, 
but il lie v.iiM 1 H m.filuug at the roriect speed the water will 
no huku-ird velotilv left in it after it has been ilt.lloeted 
hv rle* hie In t. .mil il will tall down into llie flisi liarf.;e pi[K‘ The 
hp- III the tun I I ts .Me <nt aw.iy ,f. sliovii in the illustiation.s 
in Old- 1 to .iHon ttie jet to nnpitn;c pioperly 11)1011 I lie next 
tniflf' t ,11 the wlni'l revolves 

A ilr.iwnifi ifiowin;’ flu airanooim nt ot llie wheel and the 
iim'/Ie tioni wlmh the jet I'jiiies is rejuodufed 111 Fig 7. The 
otiief (loiiit ot iiileiest tiere is the method used to coiitiol the 
C|niutity ol water /lowing throui'h the no/vle, 111 order to vary 
the )iower to suit the rei.juirements of the geiieiator This method 
n 1 comhiTiatiori of a )et deftectoi and a needle valve. The 
delltctor plate la shown )ust above the outlet Horn the nozzle, 
and IS hinged on the pm shown )ust below the nozzle The 
dertectnr plate is connected by a senes of Imks to the governor 
mechanism and, if the speed rises slightly owing to a reduction 
in ttie load, the deflector is moved oiitwaids and dowrswards 
into the path of the )et The stream ol water trom the nozzle 
is thu" detieoted, either partially or wholly, according to the 
reduction in load if wholly deflected, it follows the path indi- 
t;.ited on the figure 

The detlector is not m this case, however, the only method 
of ugiilation It IS, 111 fact, only a tem))Oiary method employed 
until siieli time as the main regulator has time to act The real 
method of control in this case is the needle valve shown with 
the point pn.!|ecting trom the mouth of the nozzle. By moving 
ttiis needle valve hnwarcis or backwards the area available for 
the passage of tfie water may be decreased or mcieased. In 
many plants the needle valve alone is lAed tor regulation, and 
m -aime small plaiit.s the Uellectoi plate alone is used. The dm 
iicUaiitage in using a needle valve atone is that care must b« 
taken as to the late at whv h the valve is closed. When water 
ifl flowing with a high velocity along a pi|)e its momentum is 
!Vir,gu , if the water is tirought to leat bUfldeiily, as by the closing 
of a valve, this moraentiim builds up a high pressure on the ufi- 
streain side ot the valve. This may give use to the well-knawa 
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In the case illustrated the buckets were cast in pairs 
to enable them to be securely attached to the wheel. One 
of the double buckets is shown separately in Fig. s. 
It will be seen that each bucket is divided into two cup-shaped 
sections by a sharp-edged rib in the central plane of the 






, MODERN TURBINES 

wLpi 1 ■] I'M* cento* fit the jet stnlces this nb, <>0 that the 

stfi iin fit wat' I IS divided into two pafts Itie Wcittr flow-s 

> on '■ till 'mooth, louiuh'd suiface ot tlie bucket, cind ife 
dm - lion of How IS <om()Ut(ly revcisid If the wheel were held 
Bhili iiiii-y till vi itir would hr disiharnid back tmvaidh the jet, 
but it Ihi wlml IS rvuKiiiv at the correct speed the water will 
lifter no I u Itv .i.rrl vilontv left in it after it has bieii deflected 
by till bill 'll I, uid if will fall down into flic ilisihaipi jupe rile 
fip it 111 * Inn I I ts tie iiit away as hliov n in the ilhistiafionSi 
iti old' r III allow tin |et to im|nni'e piojirrlv iijioii the next 
bulk' I .ts the win el revolves, 

A di.iwitii' iliowiiij' the airannemcnt ot the wheel and the 
nu/Ai tiom winch llm jet issues is upriKluied in I'lg "J The 
chief point r,i uiti rest here is the method used to 1 oritiol the 
quintity of water flowing through the nozzle, in order to vary 
the jjower to suit the re<|uireititnts of the generator This method 
IS a loinbination of a jet deHtctor and a needle valve The 
ds^’ictor plate la shown just above the outlet Uom the nozzle, 
and IS hinged on the pm shown just below the nozzle The 
deflector plate is connected by a senes of links to the governor 
mt'chaiii'.rn and, if the speed nses slightly owing to a leduction 
in the* load the deflector is moved outwaids and dow wards 
into the path of the jet fhe stream ol tviiter from the nozzle 
IS thus dellei-teil, either partially or wholly, accouhng to the 
reduction in load if wliolty defleetid, it follows the path indi- 
cated on the figure 

The dt (lector 13 not in this ease hovte-ver, the only method 
of rt ,zulation It is, m fact, only a tempoiary method employed 
until such time as the mam regulator has time to act The* real 
method of contiol m this eav,* is the uc'cdle valve shown with 
till* point projiitmg from the* mouth of tlie noz.zle. By moving 
til's nudlt* valve fouvanis or backwards the aiea available for 
the pass.ige of the water mav be decreased or increased. In 
many jilaiits the neulle valve alone* is u'ed for regulation, and 
m some small planis the delict tor pilate alone is used. The dis 
aiKanta'te m using a needle valvt alone is that care must be 
taken as to the* rate at winch rht valve 13 closed When water 
i» How mg with a high velocity along a pipe it;, momentum is 
*Virgc , it the wati r is brought to rest suddenly, as by the closing 
Ol a valve, this nuniicntum binlds up a high pressure on the up- 
stuMiii Side of the valve. 'Ihis may give use to the well-known 
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phcncnwenfjn of water-haiiimei, a shaq) blow which is exponencecf 
when a water-tap on a limt; pipe is very sudilfnly closed, pgr 
this reason it is very inijioitanl tliat (he needle valve should aof 
be closed i.ipirUy, lint, on the othei liand, it is essential tliat the 
govpinoi sliould act (piirkly when Uie load vanes, otherwise 
large vanatiori-i in siieed would occur 

'Iliese lOiiflKlinp rc(|mremf tils are met by the temporary use 
of the ilelieitor phite. '1 he governor g< ,n is so aiiaiujed that 
HS soon as the load falls and the speed begins to use. flie deflect™ 
plate I'l inovtd lust to the reqiiiied eslenl and loiitroU the r|mn- 
tity of water iinpingmi' on the bin Itets while the needle valve 
IS being slowH moved forward partiaUy to close tlie no77lc‘ The 
deflectoi plate in itself is not an ifhiient method of rcgiilation, 
as it allows water to flow to waste without doing useful work. 
With the needle lalvc the fpiantity of water is reduced and all 
the water issuing from the no7^1e stnkes the buckets and is used 
to its fullest extent. 

The brake )el, shown at the left hand side of Fig 3, tlie 
diagram in page 31-1, is diiected so as to impinge on the hacks of 
the buckets, and is brought into use when it is required to bring 
the wtieel to rest suddenly 

Kaplan Turbine. This is a tyiie of reaction turbine which has 
come into prominence in recent years , if is, however, a modifica- 
tion, to a piece of mechanism familiar to most readeis, namelv, 
the screw propeller. The piopellei type of turbine has been 
used before, but it had the disadvantage that the efficiency only 
readied that of the types described above when developing {nil 
power, and fell avvav rapidlv as the load was reduced The 
reason tor tins was that the shape and inclmatiou of the blade- 
of the pnipcllei wc'u" designed for lull load conditions, and gave 
poor results it the normal flow of water was reduced The same 
is true for a .ship's projieller, but as it is used for most of its life 
at or near full load the decrease m efficiency at reduced load is 
not inipoEtant. In a" povvei station, on the otlier hand, thi» 
dcm.ind for power only reru'lics its maxinmm for short periods, 
and perh.ips only once or twice a day With any type of power 
plint it IS usual to divide the total power between a numlicr of 
units. HO that when the load on the station tails to the extent 
of the power of one unit, that unit is shut down, while the rij- 
maindor opeiate at then full output, and, theretore, at thuir 
maximum efhcieiicy Even when the load vauatioiis are confined 
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fuj! |im'cr unit at a tinif, houfAPr, eviry ctfort is rfiade to 
'll I' (. f ill ( till II iirv (if tlii’t unit at redu'cd load 

I !» old piupflltr tiiibiiici could be designed to give as high 
in I in< 1 tn V it lull 111. rl as till I't llrni win cl or the type desenhed 
I Ui( fiiiitdni" 1 1 - on, tint oil lucoiitU of Iniviug h’ ed blades 
fill n ( hii ii III V diii[ip< d I's ij (VC n win n thr In i 1 1\ is only slightly 
t hi( l! In till Is ijii 111 tiiihiiii i s[iMiU ni((liuiism is used 
t I 1 in II ni'linitiin ol tin jirdfulUi hlnhs to suit vaiymg 
I iniiliii iilii[ iilion \l iny|iMllinlu lonl Ihiltfou tilt 
b! ifl 11)1, I III I'd mill th' [>tisitirin (iidipi il by thosi ol a 

ho 1 ' I d< pi ](ll [ di 1 nid fur tli it hud In thi u ly the 

liiiliiK I ii[ ritid it I I m I lilt ilhinini rigfit down to low 

if <i ft 1 sji'iidly iiiit ihh Ini niv Imv In ids n hi le the 

ipi mtitv of wsitf r i go it for i < iit n j nivi i 

A h ifil in iiinner df s!‘. ind to d ulop 57 yoo hoi up'wirwitb 
ii hf.ul I'll water ot dhout yf'i hot and lunnin, at a Sfnd of 75 
levs pel minute, is shonti 111 I 1“ ( (PI ti gy) Ittonsistsof 

four 111 id* sttaclnd to a central boss , this boss ib h\cd to the 
nhaft dnving the g'nerotur Inside the hos= is housed the 
iiuvhi'iisiii bv nhiih the pitch of the propeller is altered to suit 
\ TV in,, conditions of In id F mh bladi is bolted, bv the holes 
hill n 111 the photogriph, to a spmdl' p.v^sing tliiough to the 
insiiii of t! e hiiss an I all hair =pmdli s arc r voKcd to the same 
I st( nt by th opvricing 11 ntur, so that the mclinaticiii of each 
htidi isalttrcd by the saiin unount 

1 he (puntitc of water a Iniitled to the circular shoft in which 
the innnn revolves ib conliolhd by guide vanes similar to those 
usiil in till rnction turhini (User hid in Lesstin i6 When the 
l(ud hills xiid tin spj . ij b' ,'ins to ris' . the governor opierates a 
III (lianiirii w In n by the vanes art moved so as to restrict the 
till!. Vt tile same lime th(' inechanisni inside the runner boss 
IS op. I ih d .iiul tliO blades an moved to the jiroper inclination 
unu jiiiiuhng to the quantity of vatea flowing between the 
guide vaiKs 

Our Cijuov III Lii^iiainiii. u (.oiitiiiucJ m Voliiiiie Si 
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LISSSON 17 

More About Defective Verbs 

S N Lf.'ison lO {Volume 3. p.'ige 31H) we dealt with the defective 
vcTh.H, do, will, shall and may : wc now come to the verbfi 
tan, must, ought, dure and need in this cateftory, Can is 
from an old verb ciinnmt, meaning “ to know.” ” I can read '' 
thercfoie moans ” I know how to road ” : c.g. ” He knew to 
sing ” (" Lycidas ”). We have this meaning still preserved in 
'' to con," and in the Scottish ” to ken,” ” Cunning ” ia the old 
imperfect participle of this verb, and couth the past participle 
(of. uncouth, which means unknown and therefore strange). 

As can originally meant " to know," it required no infinitive; 
of. " Tliey can well on hoi.seback '' (” Hamlet ”) ; " Other prayer 
can I none ” (” Lay of the Last Minstrel ”). Bacon even has 
“ not to can." 

Can is always a notional or principal verb ; e.g. ” I cati write ” 
(i.e. ” 1 am able to write ”) ; " I would if I could " (i.e. “ I would 
k I were able '''j . 


Conjugation of Verb " Can." 
Indicative Mood. 
Present. 


I can 

We can 

Thou canst 

You can 

He can 

They can 

Past. 

1 could , 

We could 

Thou couldest 

You could 

or couldst 

Ho could 

Tlu-y could 


SimjuKcrrvE Wood, 

Past. 

(Same as Indicative.) 
No hiliiutive, Imperative, or Participles. 

( ) 


Present. 

(None.) 


MORE ABOUT DEFECTIVE VERBS 


Jjlro can, the verb niwit is always a notional vpib It has no 
inllfvirnis foi trnst* or person all the prisons of each number of 
(ucli of the two indicative tenses being alike mwil It has no 
subjunctive inlinilivs niipti itive or participles 

Oifflil IS the p isl inch finite tense of owis lluis, in Shaki speari's 
' Kiiiv lleniy IV, the hnsttss says " Hi said this other clay 
yim ( oiud) him a thous.ind pounds It is now iisul as 
a pii < nt in the sense of moi.il obliRition as " I ought to be a 
b( tt( 1 111 in 

(),t (iriL'luallj iiieuit to own, to po,';c’;s, as " Hus is no moital 
bus'itie s luii no soniul tint the eaith owes " (" lorupest ”) 

' [ am not worthy of the wc iltli I mii " {' All’s Well ’) 

Otii to be in debt is quite regular I nurd I shall owe, 

In the verb dan (to venture) the third peison singular of the 
preiPiit iiiciicitive is piopeil^ ' he dire, ' noC " he daies ” The 
reaoon is that " I dare is an old past tense and is not really a 
present at all eg" Mine univorlhintss that dare not ollei, etc ' 
( ' Tempest ) We now use ' I duist ” as the past tensi of date, 
followed by the infinitive without to as he durst not do it ’’ 
When dare la a transitive verb meaning ‘ to challenge ” it is a 
perfectly regular weak verb 

Wlien to need means " to lack, to be in want of," it is perfectly 
regulai But when it means " to be under the necessity of doing 
a tiling,” the third person singular present indicative is often 
‘ he need,” not " he needs," as, " he need not go" Contrast 
this with " he needs biains " 

Wil (to know) has present, I wot, past, I wist, and present 
participle, wittinq or wotting This veib is not used now except 
111 the infinitive to wit, in the sense of " namely " , together 
with wit, the verbs quoth, methinks, list, tnght, dight and worth 
are [nactically obsolc-te in Modern English, except in deliberately 
an hail or poetic chetion 

Quoth IS used only m the first and thud peisons singular, for 
' Said I," ' said ho ' Example', " Quoth the raven, ' Never- 
inoii ” “ ' To t.uiHi voui fieiee tomiior quoth she " 

Meth’uKs IS only used in the forms milhinks and methought 
Lvt m tlu‘ arclkai mdisls (it iikasos me) and him-listed is an 
impii-.otul veil) It IS also used pti-,onally as " Ihe wind 
lilmuth where it listilh " 

Right IS iisul only in the meaning " was CiilleJ ” Dight means, 
deikul, adorned Worth, cxpiessing a wash, is used only in tha 
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LESSON 17 

More About Defective Verbs 

{ N LfiHson i6 (Volume 3. page 318) we dealt with the liofectiva 
verbs, do, will, shall and may ; we now come to the verba 
can, must, ought, dare and need in this category, Ctw is 
from an old verb cwinnn, meaning “ to know.” ” I can read " 
therefoie means " I know how to read ” ; e.g. '' He knew to 
Bing” {” Lycidas ”). Wo have this meaning still preserved in 
" to Con," and in the Scottish " to ken.” ” Cunning ” is the old 
imperfect participle of this verb, and couth the past participle 
(of, tmemdh, which means unknown and therefore strange). 

As can originally meant " to know,” it required no infinitive', 
cf. ” They can well on honseback " (" Hamlet ”) ; " Other prayer 
can I none " (" Lay of the Last Minstrel ”). Bacon oven has 
” not to can." 

Can is always a notional or principal verb '. e.g. ” 1 can write ” 
(i.e. ” 9 am able to WTite ") ; '' I would if I could " (i.e. " I would 
If I were able ”). 


Conjugation of Verb Can." 
Indicative Mood. 
Present. 


I can 

We can 

Thou canst 

You can 

He can 

They can 

Past. 

I could . 

We could 

Thou couldest 

You could 

or couldst 

He Could 

They could 


Subjunctive Mood, 

^resent. Past. 

None.) (Same as Indicative.) 

No Infinitive, Imperative, or Participles, 

I 316 ) 


MORE ABOUT DEFECTIVE VERBS 

Like omi, the verb must is always a notional verb. It has no 
inflexions for tense or person, all the persons of each number of 
each of the two indicative tenses being alike must. It has no 
subjiiuctivc, infinitive, imperative or participles. 

( tiight is the past indefinite tense of oim. Thus, in Shakespeare's 
“ King Henry IV," the hostess says, “ Ho said this other day 
yon ought owed) him a thousand pounds.” It is now used as 
n privient, in the sense of moral obligation, as " I ought to be a 
lietter man.” 

Owe originally meant to oivh, to possess, as This is no mortal 
hufliness. nor no .sound that the earth oives ” (" Tempest ”) ; 
" I am not worthy of the wealth T owe " (" All’s Well ”) 

Owe, " to be in debt,” is quite regular : I owed, I shall owe, etc. 

In the verb dare (to venture) the third person singular of the 
present indicative is properly " he dare,” not " he dares.” The 
reason is that ” I dare " is an old past tense and is not really a 
present at all : e.g, ” Mine unworthiness that dare not offer, etc.” 
(" Tempest ”). We now use " I durst ” as the past tense of dare, 
followed by the infinitive without to as ” he durst not do it.” 
When dare is a transitive verb meaning ” to challenge ” it is a 
perfectly regular weak verb. 

When to need means " to lack, to be in want of," it is perfectly 
regular. But when it means " to be under the necessity of doing 
a thing,” the third person singular present indicative is often 
” he need," not ” he needs," as, ” he need not go." Conti'ast 
this with ” he needs brains." 

Wit (to know) has present, I wot, past, I wist, and present 
participle, witting or wotting. This verb is not used now except 
in the infinitive to wit, in the sense of ” namely " ; together 
with wit, the verbs quoth, methinks, list, hight, dight and worth 
are practically obsolete in Modern English, except in deliberately 
archaic or poetic diction. 

Qjioth is used only in the first and thkd persons singular, lor 
" said I," " said he.” Examples ; ” Quoth the raven, ' Never- 
more,’ ” ” ’ To tame your fierce temper,' quoth she.” 

Methinks is only used in the forms methinks and tnelhoughi. 
List in tlie archaic melists (it pleases me) and him-listed is an 
impersonal verb. It is also used personally as " The Wind 
bloweth where it listeth." 

Might is used only in the meaning " was callerd.” Dight means, 
decked, adorned. Worth, expressing a wish, is used only in the 
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third person singular present subjunctive, as : " Woe worth the 
day " = " May woe befall the day.” 

Exercise. 

Explain every should and would in the following : 

She would often say " Would I were a man. I should have 
been, lor then I would have shown the world a les.son it would 
never forget.” I would reply that I should not attempt to argue 
with her le.st .she .should get angry ; but I now often think that 
I should have done so. For perhaps I should have convinced her 
that it would not have been so easy. Should I, or should Fnot, 
I wonder ? 


LESSON 18 

Strong Verbs 

E nglish verbs are divided into strong and weak, according 
to the manner in which they form their Past Indefinite 
tense. Verbs that form, this tense by modifying the 
' — vbwef of the present tense (without adding any suffix) are said 
to belong to the strong conjugation — as : shine, shone. The past 
participle of all strong verbs originally ended in -m, and this 
ending still remains in many of them (sometimes in the form 
of -n] — as ; break, broke, broken. 

Verbs that form their past indefinite by adding the suffix -ed, 
-d, or -t to the present tense are said to belong to the weak 
conjugation, as ; treat, treated ; feel, felt. When the present 
ten.se end-s in e, d only is added, as, love, loved. The vowel y 
preceded by a coinsonant becomes i before this suffix, as ; bully, 
bullied ; pay, paid. A single final consonant preceded by a 
single vowel is u.sua4y doubled before the suffix, as : drug, 
drugged; travel, travelled. The past participle of weak verbs is 
usually the same in form as the past indefinite, If the present 
tense ends in d or I, the suffix is often dropped, and present, past, 
and past participle have all tlie same form, as in the following 
example ; cost, cost, cost. 

The most interesting strong verbs, particularly those that 
present any difficulty, are now given, grouped according to their 
vowel modification. 
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Verbs or ihe Stron( 
Past 
bound 
found 
ground 
wound 
dung 
(lung 
slung 
slunk 
stuck 
sLi ung 
swung 
unmg 
begun 
drunk 
rang 
sang 
sank 

span, or spun 

shrank 

sprang 

stank 

swam 

won 

blew 

grew 

knew 

threw 

drew 

held 

fell 

recline) lay 
slew 
saw 
drove 
rode 
rose 
smote 
chid 
hid 


Conjdgation 

Past Participle. 

bound 

found 

ground 

wound 

clung 

flung 

slung 

slunk 

stuck 

strung 

swung 

wrung 

begun 

drunk (-en) 

rung 

sung 

sunk (-en) 
spun 

shrunk (-ea) 

sprung *’ 

stunk 

swum 

won 

blown 

grown 

known 

thrown 

drawn 

held 

fallen 

lain 

slain 

seen 

driven 

ridden 

risen 

smitten 

chidden, or chid 
liiddcn, or hid 
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Present. 

Past. 

Past Parlidple, 

slide 

slid 

slid 

strive 

strove 

striven 

strike 

struck 

struck 

thrive 

throve 

thriven 

write 

wrote 

written 

bite 

bit 

bitten 

eat 

eat ({)ron. et], or ate 

eaten 

beat 

bc:it 

beaten 

bid (to order) 

bade, or bid 

bidden, or bid 

give 

gave 

given 

forsake 

forsook 

iorsaken 

shake 

shook 

sliaken 

take 

took 

taken 

come 

came 

come 

bear 

bore 

borne, or bom 

break 

broke 

broken 

tear 

tore 

tom 

wear 

wore 

worn 

weave 

wove 

woven 

speak 

spoke 

spoken 

steal 

stole 

stolen 

swear 

swore 

sworn 

choose 

chose 

chosen 

ircere 

froze 

iiozen 

fly 

flew 

flown 

abide 

abode 

abode 

awake 

awoke 

awoke 

stand 

stood 

stood 

tread 

trod 

trod, or trodden 

sit 

sat 

sat 

get 

got 

got 

hang 

Lung 

Lung 

run 

ran 

run 

burst 

burst 

burst 

shoot 

shot 

shot 

teethe 

sod 

sodden, or sod 

spit 

spat, or spit 

spit 

fight 

fought 

fought 
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ELIZABETHAN CAPTAINS. Lott: Sir Walter Raleigh (c. ISSS-IOIS), wito 
played a cnnsiderable part in tlie early colonization of North America, and in 
many respects uas the incarnation of the spirit of the Elizabethan era. He 
was executed for “ treason “ in lOiK. Right : Sir Francis Drake (c. 15'13'1596). 
who first circuniiiavigatcd the world <1577-^*0), and was one of the lenders nf 
tlu English against the Spaniards. British History io 


\jNCn L\.U SEPTT’-.H .NOliitlVM .vSOI.ul'AAl»:uNlV ll.WT*lV,\t IN NkCKAt LU’Oiif I 

M \»lf.r miTA.SVl * MUH T.-H'i* 'll - A V.I IC I 


THE GUNPOWDER PLOT. One of the hest-remembered incidents in 
English histiiry is Hit* plot devised by certain Roman Catholic corlSpil•atn^^ 
fur the blowing up mI’ Parliament on November 5 , 1605 . This engraving by 
Crispin Van der Passe slinw* the ermspirutori in confereiiee. 
Hpnisfi History 1 1 
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THE HIGH COURT OF PARLIAMENT IN THE REIGN OF JAMES i. 

1 l\i-i iiv.irUv iiu; li'uni “ Nobilitii.s l^iliticu et Civilis," 

J.uiic's I t.'nthnnu‘il in Hk* IIou'sl‘ ot l.nrils. :\iul is probably tbu 
aiUlk’U! if rfprt-SLMilathin ot such :i uieetim;. Karls, ban ms, and 
bisli'ip. ar.' r*Mnid ths.* CI}.'ijKc‘ll<»r'.s seal :uu3 tlit* njasKTS of 

fiMiuarv .UUI Uit: clirks art* raii'b:d in r<i\v.i (•[ imniediatfly facio'-j 
lii'i (Uab: t>. In the l'•r■J:;nlUlu! Hu'- K(»nnu'Mis arc scfu separaliid Iroiii 
l.oi-di I'y a I'.nrijr, aiul llie central lijjurc in tlioir luidJil is Uk* 
Ifisioin' \\ 

Ui'iii Wf» eiu.-i 


in^ 1 1 ' 


Plu(C 




CHARLES I ON HIS THRONE llus pictur*. ( t Charks I iii thi, Ilnu';^ nf Lords i!» 
f ikon truni ipimp'ik u h th ippc tr d in tkliinJ the fCin^ o i tiio rii'-ht is 

ttiL Ch ti clIIot , on th kft it uul** ♦he Trta'iirer I he ortiu i) liok1im( thi Lrowtt is 
lha Ora it oi amb rtiin and the Cons^-iW? holds the bwtird A henld, asher and 
imblwS Otccips th. fon^frnuid BPITISU HisroitY 12 
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Noi ks. — Drunitcn, wiiken atitl shiinken .irti now usijd only as 
adjfi.'ti'i'-;-!, as : a druii/ien nutn ; .rim/tcn rocka , i/iruK/gsu iiannel 
h'a’l, fdt, fallen is intrdiisitive ; Iml the kindred verb to fell is 
li.tiisiitive, weak, and retjular, as : " The woodman felled the 
tl 

Hoyne mi'ans earned ; born is u.setl of birth, chiefly after the 
vfvb ■■ to ijc ” F.^;unpl(;s : " Tlicir voices were borne by the 
vriiiil‘i “ ; "1 was born m Uiis viHaf'o." 

,ltt\ihr, ,1 , ,i slruii;; verb, is iiitiiiii.sitive, meaning “ I wake up.” 
Wfii'ji it is ir.iii'.itivv, intMUiiif; ■' I roiise sonieoiin,” it is weak, 
ntiil li.i'j (lirakt'tl tor its past tense arid past participle. 

Siniil.irly uifli hanji when intransitive it is strong, as; "he 
kiny; tin-re hir tliiei; liours ; wlicn transitive, it is weak — as; 
" the iiuirdeier was hati/red.” 

iieelhe, ineatung to botl, is very .seldom u,sed now, except in a 
figinative seiiae, as : " a seething mass of men." The original 
sense is seen in ttie expression, " And Jacob sod pottage " 
(Genesis xxv. 29), The past participle sodden now means 
" soaked through.” Seethe is now usually weak, mak’”" rcsihs,! 
seethed. 


LESSON 19 

Final Study of the Verb 

W ITH this Lesson we complete the verb -section — the most 
important section of all to those who would speak 
and write Engli.sh well. New verbs which have been 
introduced into English from foreign sources are conjugated like 
weak verbs. These include verbs of French origin, such as 
passed, finished, etc., and more recent scientific borrowings such 
as electrified, rudiof>rapked, etc. * 


Some verbs ot the weak conjugation shorten the vowel as ; 


Pres. 

Past. 

I’. Part. 

Pres. 

Past. 

P. Part. 

bleed 

bled 

bled 

meet 

met 

met 

breed 

bred 

bred 

read 

read 

read 

feed 

fed 



{pr. red) 

(pr. red) 

fed 

speed 

sped 

sped 

load 

led 

led 

light 

lit 

Ut 
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Some keep the vowel, but the}'' change Iho final -d into -t • 

Present. 

Past. 

Past Participle. 

bend 

bent 

bent 

lend 

lent 

lent 

rend 

rent 

rent 

fiend 

sent 

sent 

spend 

spent 

spent 

wend 

went, or wended 

wended 

build 

built 

built, or buikled 

blend 

blended 

blent 

gild 

gilt, or gilded 

gilt, or gilded 

gird 

girt, or girded 

girt. Or girded 

Some show no 

change at all. The following have the same 

form throughout 

: Cast, cost, cut. 

hit, hint, knit, let, put, rid 

sel, shed, shred, shut, slit, split, spread, thrust, and bid (meaning 

" to offer at an auction 


Some shorten or otherwise alter the vowel : 

Present, 

Past. 

Past Participle, 

beseech 

besought 

besought 

buy 

bought 

bought 

catch 

caught 

caught 

bring 

brought 

brought 

sell 

sold 

sold 

seek 

sought 

sought 

teach 

taught 

taught 

think 

thought 

thought 

tell 

told 

told 

work 

worked, wrought 

worked, wrought 

can 

could 

— 

may 

might 

— 

will 

would 

— 

shall 

should . 

— 

bereave 

bereft, or bereaved bereft 

creep 

crept 

crept 

deal 

dealt 

dealt 

dream 

dreamt, or dreamed dreamt 

feel 

felt 

felt 

flee 

fled 

fled 

hear 

heard 

heard 

keep 

kept 

kept 
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Pfesenl. 

Past. 

Past Partioiple. • 

kneel 

knelt 

knelt 

lean 

leant, or leaned 

leant 

leave 

left 

left 

los<! 

lo.st 

lost 

niean 

nwant 

meant 

.si'iip 

.')h'pt 

slept 


.swept 

swept 

Wl'i [1 

wept 

wept 

lay 

laid 

hiid 

say 

sniil 

said 

bh'ie 

slmd 

shod 

Vn;HB of MtXEu 

fO.'JJOGATION. 

Ptcsfni, 

Pd^t. 

Piisl Participle, 

slu'ar 

sheared, shore 

sheared, shorn 

cleave 

clove, cleft 

cloven, cleft 

(tu split) 
dig 

dug. digged 

dug, digged 

crow 

crew, crowed 

crowed 

hew 

hewed 

hewn, hewed 

lade 

laded 

laden 

lose 

lost 

lost, lorn (forlorn) 

melt 

melted 

melted, molten 

mow 

mowed 

mown, mowed 

rive 

ri I'ed 

riven, rived 

saw 

sawed 

sawn, sawed 

shape 

shaped 

shapen, shaped 

shave 

shaved 

shaved, shaven 

shew, or 

shewed, or showed shewn, shown. 

show 


showed, or shewed 

sow 

sowed 

sown, sowed 

strew 

strewed 

strewn, sLiown, 

swell 

swelled 

strewed 

swollen, swelled 

wax 

waxed 

waxed, wax'en 

(to grow) 
do 

1 

did 

done 

go 

[went] 

gone 


Notes). Went, useil as the pa.st tense of go, is the past ten.se 
III in " to wend one's wa.y',” 
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Crem (from cyom) is rarely used now, and only of the literal 
crowing of a cock — e.g, " the cock crew." When used of the 
crowing of babies, etc., the past tense is always crowed. Some 
of the strong past participles are used only as adiectivcs--.e,g, 
a molten image, the cloven hoof, a shaven head. 

Clothe, have and make form clad, had and made, which arc 
contracted from clothed, haved and iiiakecl. 

Tight and straight (adjeelivcs) are weak past participles 
tie, stectch. Distraught is an irregular past participle of distract. 
Draught is the past participle of the ob.so!cte Middle English verb 
fraghlen, to load. (Cf. Modern English, to freight). 

Llo and Lay. Much confusion arises between the verbs lie 
and' lay, and their differences should be well noted by comparing 
the principal parts : 

Present. Past. Past Participle. 

(1) lie (to recline) lay lain 

(2) lay laid laid 

To lie is strong and intran.sitive. To lay is weak and transitive. 

Examples of to lie : The sofa that I lie on is comfortable ; 
he lay where he fell ; I have never lain on a softer bed. 

Examples of to lay : Just lay Ike parcel on the table ; he- laid 
down tke'hook ; hens lay eggs ; that hen has laid five eggs this week. 

Ey using lay with the reflexive pronoun myself *te,, ss 
object we have an alternative to (i) : I lay myself (me) down, 
for I lie down. I laid myself (me) down, for I lay down. I 
have laid myself (me) down, for I have lain down. 


LESSON 20 

An Account of the Adverb 

J tiST as adjectives quiflify nouns, so adverbs modify or limit 
verbs, as, ” He bowed to me politely." " He gives twice 
who gives quickly," This usage has been extended, and 
adverbs can now modify adjectives and other adverbs in addition 
to verbs, as : '* Too many cooks spoil the broth " {too modifying 
the adjective many), " He struck me very forcibly " (one adverb 
,w»y modifying another, /oretWy), 

Adverbs, like adjectives (from which they are mostly formed), 
mfi usnaliy classified according to their meaning; just as 
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adjectives are rlividcd into f(iialitativo, quantitajti'V'e, and 
rclation.d, ko wo can divide adverbs-. Thus ; 

1. Aiivcifiih or Quai.ii'y : Well, ill, badly, and all the adverbs in 
■ly -idivi. d funii adjectivoH ; /((-«-, however, so, as, likewise, etc, 

(-.died adverhh of niariner). 

2. .Vnvi.i.’iis or Ouastuy : a. Degree; Veiy, nearly, almost, 

'(if), quite, eweu’k, rather, much, more, most, little, less, least, only, 
jut. I’j,!, liny, the in “the moic the merrier ”). Also 

the .uImtIh of atlinn.ition and negaiioii: Not, no, nay, aye, 
yen, v''-.. 

h. of Titiie ,is. once, twice, iknee, often, seldom, 

al'tnv',, i'll-. 

_i. Aiivji'us O!' Ki;i \i[f)M, shovviiig ; n. Time; Now, than, 
alter, h fire, snait, ciqo, instaidly, etc. 

b. f'lacu and Arrangemeiit : FiisUy, secondly, thirdly, here, 
then, hither, thither, hence, thence, inside, outside, up, dottm, etc. 

c. r,iTisc and Con.^iequence : Why, therefore, wherefore, accord- 
U'Nv. < oi'-equenlly, etc 

ft will be noticed that some of the words apjiearing in this 
list fit lulverhs have picviously appeared a.s other parts of speech. 
As. for ex.unple, was included under relative pronotyis ; and 
much, little, no, any, were iuchidcd under adjectives. To deter- 
mine v/hat p.irt of .speech a word is in a given sentence, we must 
consider the purpose it serves. Thus, “ this is the same as 
that " (relative pronoun = “ this is the same which that is ") ; 
“ as f spoke tlie sun came out ” (adverb denoting the time of the 
action). -Again, “ Give him no peace " (adjective), " this is 
no better than that " (adverb). Similarly, much, little, and 
any before comparatives are adverbs. 

Formation of Adverbs, i. From Adjectives. Most adverbs 
are formed by adding -ly to the conesponding adjective — e.g. 
wild, wildly ; cheerful, cheerfully. Thg termination -ly = like. 

Adjectives ending in y precedul by a consonant change y 
into i before, -ly : e.g. hearty, heartily ; speedy, speedily ; but ; 
shy, shyly ; gay, gaily. 

Adjectiveo ending in -le change thu e into y ; e.g, noble, nobly ; 
horrible, hornbly. When the adjective already ends in -ly the 
.same form is generally used for the adverb ; e.g. the adverb 
of godly is usually godly (" We should live soberly, righteously 
and godly in this present world.” So also likely : ” a likely 
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story ” {a'llective) ; " he will very Uhely come ” (adverb). Other 
adverbs derived from adjectives are once, imicc, Ihnce (for ones 
tttJyes, thries), unaxvans. Some adjectives, in addition to those 
ending in -ly, are used as adverbs without any change of form : 
e.g. "run fast,” " stand yirHi." "strike deep,” " pretty good.” 

2, From Nouns, Needs (as in " If I must needs leave you ”), 
whiles, sideways, lengthways, slraighlways, noways, are genitive 
cases of nouns. Whilom {" at whiles." " formerly ”) and seldom 
are dative cases plural of Old English hwil ( = space of time), and 
seld (= rare). Other adverbs derived from nouns are headlong, 
sidelong, piecemeal (nieal = part), sometimes, always, perhaps, 
oihenvise, midway, etc. Many adverbs arc compounds of the 
preposition a (moaning on) and a noun, as afoot, abreast, aside, 
asleep ; while some are compounds of other prepositions vvith 
nouns, aa betimes (by times), besides, indeed. 

3. From Pronouns. Thus, then, than: here, hither, hence; 
there, thither, thence : where, whither, whence ; why, how (for 
whom), and all the other adverbs formed from the relative pro- 
nouns, such as wherefore, whereat, wherein, whereby, etc. 

These adverbs, that are derived from the relative pronouns 
(with the addition of as and than), are connective or conjunetke 
adverbs, ''that is, they retain the connective power which we have 
seen belongs to relative pronouns. A connective adverb introduces 
a subordinate clause and modifies the predicate of this clause. 

Negative Adverbs. Not is shortened from nought or naught, 
and literally means " in no whit, in no degree." In Old and 
Middle English, ne ( = not) is employed before the verb, and a 
form corresponding to naught after the verb, the two negatives 
strengthening each other ; thus, in Itobert of Gloucester’s 
Chronicle (a.d. izgd) we find " Ne be thou naught so sturne " 
(" Be thou not in any way so stern and in Chaucer's " Canter- 
bury Tales " we have 

*' Ttiere was also a DoCtour of Physik, 

In all the world ne was there none him like." 


Also " Nor hath not one spirit to command " (" Tempest 
In Modern English, two negatives, so far from strengthening 
each other, nentralixe each other. 

No and naysxt from na, meaning never, while aye (affirmative) 
fes from a, meaninK ever (cf. for aye, meaning for ever, " This 
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world 1 *^ not for aye,” " Hamlet "). Yes is from Old, English 
ivse (innnoimneei frumgla (ye,i) and saB (so). 

Comparison of Adverbs. Most adverbs are compared by 
pn Ij'.nij' morr and >msl to the positive, as mlhngly, more willingly, 
motl Willingly, But a few, and especially those which have 
the same form as tho ciiriespdnding adiectives, are formed by 
t!m siiliives -er, -esl ; as : 


Pnnfiue, 

lirtti 
f Wi! 

tally 


Compafatim. 
fii mer 
fasliT 
sooner 
iMiiior 


Superlative, 

firmest 

fastest 

boimrst 

('ariifst 


'I he foilmving are inegular (see " Coinp.iiijtm of Adjectives,” 
Vo! LesnOii 7, p 239) ; 


PiJMtive. 

Comparative. 

Superlative. 

veil 

better 

best 

harlly, ovilly, or ill 

worse 

worst 

nmth 

more 

most 

far 

frirlher 

farthest 

lac tit 

further 

furthest 

nigh or near 

nearer 

nearest, next 

late 

/ 1.S ter 

latest 

(latter 

last 

[rathe, adjective} 

rather 

— 

— 

ere 

erst 

lief 

liefer 

— 

Rathe rae.xnt qn-ick. 

early ; rather. 

therefore, means quicker. 

eaiher^ sooner, Milton in '* Lyciclas *’ 

has " the rathe primrose ” 

(adjtcUve). 



Ere i,s the Old English ar, a comparative adverb of time. It 
is now used mainly as a conjunction. * Ersl, from arest, means 
formerly. 

Adverbs are usually placed as near as possible to the words 
they modify, and gener.dly before an adjective, or other adverb, 
and after a verb h'or emphasis, however, aii adverb may precede 
the verb, and even staiui as the tirst word of a sentence. 

Our Couria in Lnglliib Uinirto^^e « continued in Volume 5. 
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LESSON 27 

English Prose : Its First Eight Centuries 

T he student confronted for the first time with even an 
elementary work on Knglish prose may well ask himself 
why he should study it. What is the use, for example, of 
an anthology of English prose ? Is it com[)iled in order that 
the reader of it may be enabled to form some idea of the origin 
and development of the language at various periods of its history ? 
Yes ; and no. Philological considerations alone do not enter 
into such a work, There is as much fascination attached to the 
sti'dy of the growth of a language as there is to the pageant of 
history. 

We apply our minds to classic prose, not only for the light it 
sheds upon the time in which it wa.s written ; not merely because 
of its intrinsic value as a means of knowledge, but also because of 
its style. And for yet another reason — which some would place 
above all the rest — because behind the style is a living man. 
Herein, 7or the true student of literature, is the secret charm of our 
sta'hdard literature, and especially of our standard prose 
We learn, sooner or later, that the eloquence, the rhythm, the 
colour, the tone, the deft management of the period, are largely 
modelled by the great masters of English prose upon the works 
of men who wrote in Greece and Rome and the East some twenty 
centuries or more ago. But that is no cause for withholding 
our tribute of grateful admiration. What is allowed to the 
plastic artist, the painter, the sculptor, the architect, cannot be 
denied the artist in words. All highly developed art is rooted in 
classiad tradition. 

When we approach a work of living prose we may be certain 
that behind it i.s a great man, and something more — something 
of the character of the best of that man's contemporaries, of the 
spirit of the ago in which he lived. Genius is the same in all 
ages, and writers in the rudest times, as well as those in more 
polished and enlightened eras, reached those limits beyond which 
the faculties of the human mind seem unable to penetrate. Thus, 
fee elements of thought arc only conditioned, not governed, by 
fce outward circumstances of their eacpressioji. 
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Vcrsi', IiaK certainly in Enf>Ii3h. far ahcatl of prose in tha 
nsattcr of Hcttled law. Hence wi; can imitate the rJiythm of 
Spfr.'icr without ficwninx tild- fashioned. No cadence in modern 
iir.w is ni(ire pure, iiwire pcrfi\'t, than that of Shakespeare's 
snniieb: and lyrics. Hut the prewe of tfie niastef-S and makers of 
it i‘. evtMi more pethonal ; it cannot be imitated. 

Ail that uui i)c allwiiptcd in the .space available here is to 
iuiiieatf where tin: 'itiidcut niu.st look for the leading examples of 
I'.nylieh pnr.e, iuid to point out. as hrieily as may be, the principal 
sbi;;e.'i of /ail pnese dcvi-lopim-iit. 

.'fhi' ( liief char.u't eristic oi Anglo-Saxon prose leflecta what Is 
a chiit eh, 11,11 leiistic of tin; ICnglish ohaiactcr, practicality. The 
langu.ige wnii vliruct and sitoplv. Artoflter point to be borne in 
niind is tliat right up to am! including the sixteenth century our 
prose writct.s, iiegiimiiig with tlie Venerable Hedc (O73-735), were 
in the main translators. Their works were for the most part 
educational, religions, and historicjl, as is the " Anglo-Saxon 
(ihronicle," in character. Alfred the Great (849-901) was a 
translator himsc-lf and the cause of translation in others. 

Alfred souglit to give hi-s people peace, and he laboured man- 
fully to effect their intellectual improvement. Pie desired that 
at least every fr/;f;-boni youth who possessed the meaais should 
" abide at his book till he could well understand English writiBg.'' 
He sought to spread wide the learning which was then the 
monopoly of the clergy. Ballads and poems England already 
possessed. Prose she had none. He aimed at the rendering of 
all useful books " into the language which we all understand." 

This language has been described as one of the finest and 
piire.st forms of Teutonic speecli. Into it Alfred translated, or, 
rather, paraphrased, in an epitomized form, the " Universal 
History " of Orosius, a Spanish author of the fifth century ; 
tile '' Historia Ecclesiastica ” of the Northumbrian monk Bede ; 
tlie " Fdsioral Rule " of Pope Gregory , and the " De Consola- 
tiiiiie I'hilosophiae ” (" On the consofiition afforded by philo- 
sophy ") of Boethius, a Konian philosopher and martyr of 
the sixth century. Some idea of the English that Alfred wrote 
may be gleaned from the following example, which is given with 
modernized iuttering, from the " De Consolatione.'' 

“ Hit gelamp gio, thaatte, an hearpere wais on thmre theode the 
Thracia hatte. nim-s nama wsea Orpheus. He hmflde an 
switiie aitilic wif ; sio wse.s hateu Eurydice." 
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LESSON 27 

English Prose : Its First Eight Centuries 

T he student confronted for the first time with even an 
elementary work on English prose may well ask himself 
why he should study it. What is the use, for example, of 
an anthology of English prose ? Is it compiled in order that 
the reader of it may bo enabled to form sonic idea of the origin 
and development of the language at various period.s of its history ? 
Yes ; and no. Philological considerations alone do not enter 
into such a work. There is as much fascination attached to the 
strdy of the growth of a language as there is to the pageant of 
history. 

We apply our minds to classic prose, not only for the light it 
sheds upon the time in which it was written ; not merely because 
of its intrinsic value as a means of knowledge, but also because of 
its style. And for yet another reason — which some would place 
above all the rest — because behind the style is a living man. 
Herein, for the true student of literature, is the secret charm of our 
Standard literature, and especially of our standard prose 
We learn, sooner or later, that the eloquence, the rhythm, the 
colour, the tone, the deft management of the period, are largely 
modelled by the great masters of English prose upon the works 
of men who wrote in Greece and Rome and the East some twenty 
centuries or more ago. But that is no cause for withholding 
our tribute of grateful admiration. What is allowed to the 
plastic artist, the painter, the sculptor, the architect, cannot be 
denied the artist in words. All highly developed art is rooted in 
classical tradition. 

When we approach a yvork of living prose we may be certain 
that behind it i.s a great man, and something more — .something 
of the character of the best of that man’s contemporaries, of the 
spirit of the age in which he lived. Genius is the same in all 
ages, and writers in the rudest times, as well as tho.se in mote 
polished and enlightened eras, reached those limits beyond which 
Ae faculties of the human mind seem unable to penetrate. Thus, 
elements of thought are only conditioned, not governed, by 
fce outward circumstances of their expression. 
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Verso has bt7.‘n, certainly in English, far alvL-ad of prose in the 
m:dU:T (A settled law. Hence we can imitate the rLytlim of 
Sjieuier without seetninf' olrt-fa-shimiccl, Mo cadence in modern 
is moie pure, more perli-ct, than that of Shakespeare's 
and lyrics. But the prose <rt the nia.sters and makers of 
it i;, fVfU mute personal : it cannot be imitated. 

All that (-vri hi- altemiited iu the H[iace available here is to 
tiidiivd,- where (he Mudonl rim.st look for the leading examples cif 
J’hihlish pio'ic, and to point out, as briefly as may be. the principal 
ui oiir pro.'.e devi'lopiimnt, 

,'l)ie ('bird dial, ut eristic of An^lo-SaKon prose reflects what is 
a diid ch.u.U'ti'iislic of the Kiiglish character, practicality. The 
langiiaf,''’ was direct and .siinplo. Another point to be borne in 
mind i'l that light up to and including the sixteenth century our 
prose wi'itct'H, beginning with the Veufrablc Bede {673-735). were 
in the main translators. Their works were for the most part 
educational, religious, and historical, as is the " Anglo-Saxon 
tihroniele,” in character. Alfred the Great (849-901) was a 
translator himself and the cause of translation in others. 

Alfred sought to give his people peace, and he laboured man- 
fully to effect their intellectual improvement. He desired that 
at least every free-iiorn youth who possessed the meaas should 
" abide at his book till he could well understand English rvritiag."' 
He sou gilt to .spread wide the learning which was then the 
monopoly of the clergy. Ballads and poems England already- 
possessed. Prose she had none. He aimed at the rendering of 
all useful books " into the language which we all understand." 

This language has been described as one of the finest and 
purest forms of Teutonic speech Into it Alfred translated, or, 
rather, paraphrased, in an epitomized form, the " Universal 
History” of Orosius, a Spanish author of the fifth century; 
the " Hi.storia Ecclesiastica ’’ of the Northumbrian monk Bede ; 
the ” Pastoral Rule " of Pope Gregory , and the " De Consola- 
tiorie PhiloHophiae ” (" On the consolation afforded by philo- 
sophy ") of Boethius, a Roman philosopher and martyr of 
the sixth century. Some idea of the English that Alfred wrote 
riuy be gleaned from the following example, which is given with 
modernized lettering, from the " De Consolatione.” 

'■ Hit gelamp gio, thajtte, an hearpere wms on tluore theode the 
Thracia hatte. Thres naina waes Orpheus. He hmflde an 
swithe asnlic wif ; sio wms haten Eurydice." 
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This passage has been rendered thus : 

“ It happened formerly that there was a harper in the country 
called Thrace. His name was Orpheus. He had an excellent 
wife called Eurydice." 

The work from which these lines are quoted was also translated 
by Chaucer. Its theme is the mutability of all earthly things 
save virtue ; it belongs to that rare order of immortal work.s that 
have been written in prison. 

To the development of Old English a period is placed covering 
the Danish and Norman conquests and on through the years 
1150-1330. During the fir.st of these last two centuries thg 
inflection.s were broken up, and in the second numerous French 
words were incorporated in the English language. Middle 
English, of which Chaucer was the great literary arlilicer, 
flourished from 1330 to 1550, and since the latter date our 
language and literature are classed as Modern English. 

As was the case with the Anglo-Saxon and Early English 
writers, their successors of the fourteenth century concerned 
themselves chiefly with the work of translation. Several of 
Chaucer's works are of this nature — two of the famous " Canter- 
bury Tales ” ; " The Tale of Melibeus,” borrowed from Albcrtano 
of Bresci,'-, and “ The Persones (Parson's) Tale,” a sermon derived 
from Fr6re Lorens ; the unfinished ” Treatise on the Astrolabe ” ; 
and his " Boethius.” 

Though the Norman conquest introduced Norman-French aa 
the language of the court and the cultured classes, while Latin 
remained the language of the clergy and that in which many 
learned works were written, the native dialects merged into one 
another, and ultimately into the Middle English tongue, Thai 
the French influence was by no means a negligible quantity is 
evident if we examine the work of Chaucer alone ; but the native 
English as successfully resisted the Noi’man-French invasion as 
our native drama in the sixteenth century rose superior to the 
dictates of the " UniverSity scribes,” who sought to shackle 
It with the dead weight of classical tradition. Following upon 
the death of Chaucer, however, the French wars and the Wars of 
the Roses once more set back the clock of English literary activity, 
and there is but little of interest to chronicle, save the introduction 
of the printing press by William Caxton (c, 1422-91), till we reach 
age of the Tudors, whence may be dated the beginning of 
®0(lern English. 
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LESSON 28 

Early Masters of English Prose 

O KI; fixampk! of thfi manner in wliich tlie English appro- 
priated I-’mich lib'ratiire is to be foiirul in the anonymous 
ti.iiisl.itnm of “The Voyage and Travels of Sii- John 
M.niiidevilli' " of Jelian dc Jhjiirgogne, a work which is still read 
ofi ad'ouut of it i iiatve descriptions of the marvellous. But 
( spi ci.tlly inti.'ie -ting Ls it to ponder the influence of the romantic 
legends of the Noinuin poeh; known as the Troiiveres. These 
de.d v.itli Alexander the Great, King Arthur and the Knighl.s of 
th' Kcuuid Table, Charlemagne, and the CrusaderB. 

The origin of the Arthutuu legends is Celtic — partly Welsh 
and partly Breton. “ La Mort d’Arthiirc ’’ of Sir Thomas Malory 
(1470) so delighted the heart of Sir Walter Scott that he described 
it as being indisputably the best prose romance of which the 
English langiiuge can boa.st. Many writers of the 19th century, 
Ti'imysun among them, are the eternal debtors of Malory, whose 
work, as printed with all the affection of a great and syrifpathetic 
crafuman bj' V'illiain Caxtou, played no small part in the malfing 
of Ehxabetlian prose 

I' or his black-letter folio of this work — of which only two copies 
are known to exist, though a number of reprints are obtainable—^ 
Caxton wrote a preface, in vvliich he said, in language that 
indicates the rapidity of the change from Chaucer’s ; 

1 have after the symple connyng that God hath sento to me, 
under the favour and corrcctyon of al noble lordes and gentylmen, 
euprysed to enprynte a book of the noble hystoiyes of the said 
kyijge Arthur, and of certeyn of his knyghtes, after a copye unto 
me dvlyv'ticd, whyche copye syi Thomas Malorj'e dyd take oute 
of cesteyu booke.s of hrenssUe and reduced it into Englysshe. 
And I, accordyng to my copye, have doon sette it in enprynte, to 
the ericeiite that noblemen may .see and Icrne the noble acts of 
chyvalrye, the jentyl and vertuous dedes, that somme knyghtes 
used in tho dayes, by whyche they came to honour, and how they 
that wore vycious were puny'sshed, and often put to shame 
and rebuke, humbly bysechying al noble lordes and ladyes, 
wyth al othei estates, of what estate or degree they been of, tliat 
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shat sea s«\d rede in this sayd book and wcrke, that they take the 
fj'oofJ and honest antes in their remembrance, and to folovve the 
same.” 

A favourite pafis.age from Malory's own text is his account of 
the passing of Arthur, How’linglish it is. apart from the spelling, 
may be seen from the £ollo%ving modernized extract ; 

'' And when they were at the water-side, even fast by the bank 
hoved a tittle barge with many fair ladies in it, and among thesn ail 
was a Queen, and they all had black hoods, and they ;ill wept 
and shrieked wiu'n tiiey .saw King Arthur. ‘ Now put me into 
the barge,’ said the King ; and So they did softly. And there 
received hint three Queens, and in one of llieir lap.s King Arthur 
laid his head, and then that Queen said, ‘ Ah, dear brother 1 
why have ye tarried so long from me ? Alas, thi.s wound on 
your head hath caught overmuch cold.’ . , . Then Sir Bedi- 
vere cried, ‘ Ah, my lord Arthur, what shall become of me now 
ye go from mo, and leave me here alone among mine enemies ? ’ 

' Comfort thysiclf,’ said the King, ' and do as well as thou mayst ; 
for in me is no trust to trust in. For 1 will go into the Vale of 
Avillon, to lieal me of my grievous wound. And if thon heat 
never more of me, pray for my soul.' ” 

Malory's monumental work, following that of Chaucer and 
Gower, gave to English literature something of the glamour of 
chivalry and romance ; and this influence was followed in its 
tnm by the translation of Froissart’s ” Chronicles ” by Lord 
Berners (or Bourchier) (1467-1533). 

Jean Froissart, like one of his own heroes, set out on his 
travels in quest of adventure. He visited England twice, in the 
reigns of Edward III — when, he was secretary to Queen Philippa 
for some years—and of Richard II ; he was the guest of David 
Bruce in Scotland ; he journeyed in Aquitaine with the Black 
Prince, and was in Italy, possilily with Chaucer and Petrarch. 
Ten years before hi,s death he settled in Fiandens, His '' Chron- 
icles '■ deal with the period between 1326 and 1400, and are drawn 
from his travels and experiences. They are among the most 
vivid and picture.sque things in European literature. Sir Walter 
Scott considered his history had less the air ” of a narrative than 
of a dramatic representation.” 

The student of fifteenth century England should not omit to 
pay some attention to the “ Fasten Letters ” (1422-1509). These 
documents, which are about a thousand in number and were 
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not {ii'intfd in fnl! niiLil tin; {iri-w-nt century, were writt^en during 
fill' of Ilciite VI, lulw.ud IV, Riciuird III, and Plonry 

VII, I>\ infmluTfjoI nil liust Angli.in family. They not only throw 
ii fhiij i of liqiit im the ‘(,dal customs of fifteeuth century England, 
hut MTVf to iiiriii.itc that the cieil .strife of tlie Wars of the Roses 
wliuh then flivulcd f.iniilies did not altoKethcr crush out either 
till' (i- irc for, oi the means of, learning. 

Sii 1 hotiiu!, .Mote (i.jKo I5.}5) wa.s a man whose thoughts were 
i,u in.ol'..uiit iifhi-.liiue. Ilis theories weie cssiuilially those of a 
hiu'Mii' III. Ill ,uid ,i i|ih( I ; his practice, as Chancellor of 

fh'iitv VIII, vi.’i', at v.uiaiici! with hi.s avowed sympathie.s, but 
iiiiiloiii itriliv ho u.is bound by the hujal conventions of his period. 
Ho v,,is lioho, till'd fill refusing to acknowledge any other head of 
l!|o ' hurch tli.iu Ihi' I'ope. Ilia best known work, the " Utopia,” 
a jtiihfii,.il satite, was wril ten in Eitin, and lianslated into English 
hy i'!.il|ih Uiibyiison thirty-five yearn later. It deals with the 
siiiul detects of Uniilish lile, and pictures an imaginary island 
where tonuruinism is the rule, education common to the sexes, 
and ri'ligiuiis inltralitin general. The title is derived from two 
l.lri'ek wijiiK, meaning Nowhere.” Move also wrote a number 
tif works ill Enghdi, of which the most notable is his ” Historie of 
I'klw.'rd tlie I'lttli and Richard the Third." * 

As our .'Viiglij-Sa-von foi bears fought against the influenc'fe of 
N'oaiian-I'iencii, so Roger Aschain (1515-03), the tutor of Queen 
Eli/aheth and a{terward.s her secretary, reflected the native 
Eu.iih.sli s[iirit in hfs vigorous prose and his antagonism to the 
" Itriliaii.'ite Englishman," who modelled his conduct and his 
stiulie.s on w lidt he or ottiers brought back from Italy in those early 
day.s of Coulmental intercourse and travel. Aschain was devoted 
to the old English pa.stime of archery, and -w-rote a defence of it 
in Euglisli, " ToxophiUis,” which he dedicated to Henry VIII, 
adding an address to the gentlemen and yeomen of England, in 
which orcur.s ,i (i.is.sage that forms at, once an apology for and 
a deteme of his native tongue: 

" As lor the Latin or Greek tongue, everything is so excellently 
done in them liiat none can do belter ; in the English tongue, 
on the contrary, everything i.s in a manner so meanly, both for 
the Matter ami handling, that no man can do worse. , . . 

” He that will write well in any tongue mu.st follow this counsel 
of Aristotle, to speak as the common people do, to think as wise 
men do.” 
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There ace several important works on education which belong 
to the sixteenth ccntiii-y, but Ascham's " Scholemaster ” is the 
first in point of time, and contains not a little advice the value of 
which is of a permanent character. One of the truths that he 
urges is being propagated in our own day : namely, the need of 
awakening in the mind of the pupil an interest in his work, 

In this connexion the following excerpt from the " Toxopbilns” 
has interest, and serves also as an illustration of Ascham’s stylo; 

“ If men would go about matters which they should do and be 
fit for, and not such things which wilfully they desire, and yet he 
unfit for, verily greater matters in the commonwealth tha‘n 
shooting should be in better case than they be, , . , This 

perverse judgment of men hindereth nothing so much as learning, 
because commonly those that be unfitted for learning be chiefly 
set to learning. As if a man nowadays have two sons, the one 
impotent, weak, sickly, lisping, stuttering, and stammering, or 
having any mis-shape in his body, ivhat does the father ot such 
one commonly say ? This boy is fit for notliing else but to set to 
learning and make a priest of. . . . Thi.s fault, and many 

such like, might be soon wiped away if fathers would bestow 
their children always on that thing whereunto nature hath 
ordained''them most apt and fit.” 

Henry VIII, who encouraged Ascham, must have it placed to 
his credit also that he gave similar aid to Sir Thomas Elyofc 
(c. 1490-1546), who wrote '' The Boke named the Governour," the 
first on the subject of education written and printed in English, 
and the first Latin-English dictionary. 

LESSON 29 

Religion’s Part in the Shaping of 
English Prose 

. (See plate 48 ) 

A S poetry, in a chronological sense, takes precedence of 
prose in the history of English literature, so religious 
works precede secular in influencing the growth of 
English prose. The services of the early translators of the Bible 
cannot be overestimated. First among these translators was 
John Wycliffe (c. 1335-84). It is important to remember, 
however, that neither the " Wycliffe Bible " nor any of its 
Successors was the work of one man, although " WycUfie’s Bible,” 
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" Tv'tulrtln’s Bibio” aM " Coverdaic’s Bible” are common 
lirjivi Acconiinj.; to Cardinal Gastjnet, Wycliile’s Bible was 
the work of the iftif^lish bishops. 

lioforo Wycliifc's lime only portions of the Scripture had been 
tr.us.'.l.'Ltcil into liiipjish. Wydillo — to follow the accepted story 
liiinsdf a few years hefon; his death to the task of producing 
the hi >i rouiplite English Hilile. By i.t-'ia In; had completed 
tlu' Neu '1 r .i.iiiieiit tiis frieiifl, Nirholas of Hereford, translated 
iiin.l ijf die OM I'e >fauifiit and flic Apocryplui. John Purvey, 
.-I pupil Ilf llie Kcliiiiiii'r, revised thi' work four years after 
Wvrlilir’s ile.itli '1 he trail', liUiou (or paraplirasc), which was 
iii.i'le iiiiiii (!ii> Vidg.ile (or l.alin version) was origiiudly issued 
mniauiiMiipt (ill III, of (lii-i 150 copic.i are still e.xtiint. Written 
as it w,i 1 fill Itie cfiiniunn people, it is roinarhablc to find with 
)>ow iiuali t-.isi' “ lil'yeline’.s Bible ” can still be read. Wyclifie 
u;i. , Vnrksliifcinaii. and no are told that wlieii, some years 
ago, several imig pa'-.,,ges wen; read to a congregation in his 
tiatu-e county, not only wen; they understood by the bearers, 
liut almiLst oviuy word was found to be still in use. 

'i'htj woik of Wyclitte was carried on and improved by William 
Tyiid ik; (c, a pupil of Erasmus, the great co-worker 

with Martin Lutlur in tiic Kefoiriiation. When* Erasmus 
publisht'il liis Batin version of the New Testament in 1516 he 
declared : 

I long that the husbandiiuin should sing poitiuns of them 
(the Gospels] as he follows the plough, that the weaver should 
hum them to the tune of his shuttle, that the traveller should 
tiKguile with their stories the tedium of his journey.” 

Tymlale, who was a good Greek scholar, studied Hebrew for 
the purpose in hand, and, while consulting the Vulgate, went back 
to the oiigiiiais as the basis of his version, tie was helped in his 
task by a fugitive friar named Itoy and othcr.s, It was " Tyndale's 
Bible " whicli, revised by Miles Covg-dale (c. 1488-1568) -the 
first complete printed English Bible— and edited and re-edited 
as “ CroiiiweH's Bible ” (1539), and " Cranmer’s Bible ” or ” The 
Great Bible ” (15.(0), was setup in every parish cliurch in England, 
in snnu; cases being chained to the lecterns, or reading desks — 
lienee the term " Cliahi Bible,” 

The Bible, to ipiote Stopford Brooke, " got north into Scotland 
and made' the Lowland English more like the I,ondon English, 
It iiassed over to the Protestant settlenieiits in Ireland." After 
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There are severdl rnipoi tant works on education which belong' 
to the sixteenth century, but Ascbajn's “ Scholemaster ” is the 
first in point of time, and contains not a little advice the value of 
which IS of a permanent chaiacter One of the truths that he 
urges IS being propagated in our own day namely, the need of 
awakening in the mind of the pupil an interest in his work 
In this connexion the following excerpt from the " Toxophiius" 
has interest, and serves also as an illustration of Ascham's style ■ 
" If men would go about matters which they should do and bo 
fit for, and not such things which wilfully they desiie, and yet be 
unfit for, verily greater matters in the commonwealth thaSi 
shooting should be in better case than they be . This 
perverse judgment of men hmdeieth nothing so much as learning, 
because commonly those that be unfitted foi learning he chiefly 
set to learning As if a man nowadays have two sons, the one 
impotent, weak, sickly, lisping, stuttering, and stammering, or 
having any mis shape m his body, what does the father of such 
one commonly say 5 This boy is fit for nothmg else but to set to 
learning and make a pnesl of . This fault, and many 

such like, might be soon wiped away if fathers would bestow 
their children always on that thing whexeunto nature hath 
ordained them most apt and fit " 
rfeory VIII, who encouraged Ascham, must have it placed to 
his credit also that he gave similar aid to Sir Thomas Elyot 
(c 1490-1546), who wrote ' The Boke named the Gov ernour," the 

first on the subject of education written and printed in English, 
and the first Latin-English dictionary 

LESSON 29 

Religion’s Part in the Shaping of 
English Prose 

(See plate 4S) 

A S poetry, in a chronological sense, takes precedence of 
prose in the history of English literature, so religious 
works precede secular in influencing the growth of 
IjRtligllSh prose The services of the early -translators of the Bible 
dhtfoot be overestimated. First among these translators was 
t^isn Wyclige {c 1325-84). It IS important to remember, 
ttdwever, that neither the " Wyclifie Bible " nor any of ifa 
SBdcessors was the work of one man, although " Wyclifie's Bihlei,'' 
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“ Tyttd^le'» Bible ” and " Coverdale’s Bible " are common 
trrnw According to Cardinal Gasciuct. Wycliffe's Bible was 
the work of the Eiiuilisli bishops 
Before Wyciiffr's time only portions of the Scripture had been 
truiibtatcd iiiti) Enj^lish. WycliJfc — to follow the accepted, story 
- set himself a fijw years before ids death to the task of producing 
the fust roinph'tc English Bilde. By he had completed 
the Nett Te-Uainent lii, frienrl, Nirdutla'i of Hereford, translated 
must of the, Old 'I'e .tauient ami tlic Apocrypha. John Purvey, 
a pupil of the Kefnrnii'r, revised the work four years after 
it'vciille's (h'.illi Tfiv translation (or paraplirasc), which was 
made liom llie Vulr;att‘ (or l.alin vw.sion) was originally issued 
in in.iniisi;npt fcuni ; of lliis 150 copies aic still extant. Written 
as it w.is for the common people, it is reniarlnible to find with 
how much e.ise " Wyt lilfc’s Hible " cun still be toad. Wycliffe 
vs'.is .* Vorkshireman, ,10(1 we are told that wlieii, .some years 
ago, sever.d long pa"jg('s were read to a congregation in his 
native county, not only were they unclcrstoud by the bearers, 
but almost every word was found to lie still in use. 

The work of Wycliffe was carried on and improved by William. 
TyiKl.'tle fc. r49e-i53G). a pupil of Erasmus, the great co-worker 
wilh Martin Lutiier in the Keformation. When Erasmus 
pulilbiied his Latin veraion of the New Testament in 1516 he 
dechired : 

" I long dial tlm husbandman sliould sing portions of them 
(the Gospels) as he follows the plough, that tlio weaver should 
hum them to the tune of his shuttle, that the traveller should 
beguile with their stories the tedium of his journey.” 

Tyndale, who was a good Greek scholar, studied Hebrew for 
the purpo.se in hand, and, while consulting the Vulgate, went back 
to the originals as the basis of his ver.sion. He was helped in his 
task by a fugitive friar named Roy and others. It was “ Tyndale's 
Bible " which, revised by Miles Coverclale (c. 1488-1568)— the 
first coiujiletc printed English Bible — and edited and re-edited 
as " Cromwell’s Bilile ” (1539), and ” Craiinicr's Bible ” or ” The 
Great Bible ” (1540), was set up in every parish church in England, 
in some cases being cliained to the lectenis, or reading desks— 
hence the term ” Chain Bible,” 

The Bible, to quote Stopford Brooke, ” got north into ScotlsWid 
and made the Lowland English more tike the London Englife^’. 
it {»8sed over to the Protestant settlements in Ireland.” After 
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its revisifin in i6ii — there had been printed meanwhile the 
'• Geneva Bible," sometimes referred to as the “ Breeclies Bible " 
from the rendering of Gen. iii. 7, a work handier in size than its 
predecessors, in Roman type and with the text divided into 
verses pithily annotated — ^it went as the Authorised Version 
with the Puritan Fathers to New England and fixed the standard 
of English in America. 

In Edward Vi's reign Thomas Cranmer (1489-11556) edited the 
English Prayer Book " Its English,” Stopford BrOoke 

notes, " is a good deal mixed with Latin words, and its style is 
sometimes weak or heavy, but on the whole it is a fine exariiple 
of stately prose. It also steadied our speech.” 

To examine the mfluence of the Bible on English writers from 
Shakespeare's time to Swinburne’s would bo to specify nearly 
all the besL work of our greatest writers. Scarce any writer 
of note but has either acknowledged its inspiration or shown 
trace of it in his work. 

The development of English rhetoric and English philosophic 
and religious thought during the i6th and 17th centuries may be 
studied in the writings of Hugh Latimer (c. 1485-1555), Bishop 
of Worcester, whose sermons well sustain the homely and direct 
charactef of his native tongue ; John Knox (c. 1514-72), the 
Sco'ttish relormer and h'lstorian; John Eoxe (1516-87), whose 
” Actes and Monuments, commonly known as ” Foxe’s Book 
of Martyrs,” ” gave to the people of all over England a book 
which, hy its simple style, the ease of its story-telling, and its 
popular charm, made the very peasants who heard it read feel 
what is meant by literature ” ; Richard Hooker (c. 1553-1600), 
author of “ The Laws of Ecclesiasticall Poiitie,” a great theologian 
whose memory is enshrined in "Walton’s Lives,” and whose 
character is fitly indicated on his monument at Bishopshoume, 
Kent, as " judicious ” ; and Jeremy Taylor (1613-67), Bishop of 
Down and Connor, the author of " Holy Living ” and " Holy 
Dying," and a voluminous writer who, in the words of bis friend 
Bishop Rust, of Drornore, " had the good humour of a gentleman, 
the eloquence of an orator, the fancy of a poet, the acuteness of a 
schoolman, the profoundness of a philosopher, the wisdom of a 
qhancellor, the reason of an angel, and the piety of a saint-" 
Equally important to the student of English literature are the 
writings of Thomas Hobbes (1588-1679), a philosopher who 
applied the principles of geometry to the judgement of human 
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cneidtict und who, in his "Leviathan,” “ De Give,” / Human 
Nutun-,” and other works showed iuinself to be " the fir.st of all 
‘iHr prose witters whosi! style may be said to be uniform and 
rom-ct iiud adaptcil earefiilly to the subjects on which he wrote 
'IlKiiiias l-'ullcr (i6oH-fii), the; style nf wiiose best-known work, 
" Woithii’s of I'hinlarul,” shows adniiralile narrative facility. 
" witli a iiciioiis lircvity iintl point almost new to English, and a 
honii-!> diiittnc,, ever slirewd .iiid never vulgar"; and Sir 
'llioiii.r, Hiowiie (ido5 .Sj), a Norwich pliysidan and author of 
" lii li; 111 Mi dii i,” than uliotn, .iccording to Sir Edmund Gosse : 
"* .iiiion!' I'.uglisli prose wiileis of the liighest merit 

(iirie ,ui' few will) liuve iiioi'e uiii'.eioiisly, more succc’S'ifully, 
lUnied ,tt the Iriiiislation of teuiperami'iit liy style;.” 

Joiiii |{iiuy:m fi62.H-,S{j), the inspired tinker, most zealous of 
I’uril-ui'i .Old .lutlieir of some .sixty books, i.s cliielly famous for 
hi‘! masterpircu ” 'riu; I’llgrim’.s' I’rogress,” in wliich Man tests 
all the delights ol the world and all the resources of the intellect, 
K'iL'Ct.'} them as dangerous or inaderiimte, and finds religion the 
only sure road through life, even though beset with doctrinal 
dangers. The book sprang at once into fame, 100,000 copies 
being solfl during the author’s Irfe-time. The first part of it was 
writtmi in Hedford gaol, where he had been imjirisriiTarl as a 
Nonconformiat preacher under iho Conventicle Act. Neset to 
” Pilgrim’s Progri-s-i,” his two most famous books are " The Holy 
War ’■ and " Grace Abounding,” the former of which contains 
variations on the theme of Ids masterpiece, while the latter is an 
intimate autobiogi'apliy, in whicli his dcejily religious experiences 
are vividly described. 

Another eminent Puritan writer is Richard Baxter {1615-91), 
whoso Life may be studied an as exampile of self-help by the side 
of Riiiiyati’s, and the style of whose many writings is one of the 
finest specimens extant of vigorous English. Of even greater 
valuf than B.ixter to the general readry arc John Locke (1652- 
170.1.), author of ” Two Treatises of Government,” " An Essay 
Concerning Toleration,” " An E^ssay Concerning Human Under- 
standing,” and a work e.spccially to be commended to students 
on " The Conduct of the Understanding," and a philosopher 
who is spoken of as ” the iimpiestioued founder of the analirtic 
philosophy of mind ” ; and Gilbert Burnet (1643-1715), bishop 
of Sulisbuty, and author of a " History of the Reformation ” and 
a '* History of My Own Times," 
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Regarded in this bviel' summary, the works of these tiieological 
and phifosophical writers may appear uninviting ; but the getieral 
reader no less than the student cannot neglect them ali without 
missing a fruitful part of the great and rich field of our national 
literature. Foxe’s " Book of Martyrs,” Taylor’s " Holy Living” 
and ” Holy Dying," Hobbes’s" Leviathan," Fuller’s " Worthies," 
Browne's *' Religio Medici,” Buuyan’s ” Pilgiim’s Progress" 
and " Grace Abounding," Locke’s " Human Lbiderstanding . 
these especially, and others that we have named, are classics of 
which every one who aspires to a sound appreciation of our 
literature should have first-hand knowledge, reading them in die 
first instance perhaps for what they have to teacli of pliilosophy 
and theology, and then learning to love them for their charm of 
style, their wisdom, their vision, and their humanity. 

LESSON 30 

English Prose in the 17th Century 

(See plate 48) 

B oth Spenser and Shakespeare wrote prose. Spenser’s 
“ View of the Present State of Ireland ” is wr itten in a 
r.Tiost pleasing style, Shakespeare’s prose has been the 
thbme of many commentators. The student is recommended 
to study the ” men in buckram ” section of " Henry IV.” The 
" Arcadia " and the “ Defense of Poesie ” of Sir Philip Sidney 
(1554-86) should also be studied in this connexion. 

The first popular English history in the language is "The 
History of England to the Time of Edward III ” of the poet 
Samuel Daniel {1562-1619). After Daniel’s work may be con- 
sidered the " History of the World,” written in the Tower bj 
Sir Waller Raleigh (1552-1618), and to be read for its humar 
and personal interest more than on account of its intrinsic value 
as history. Edward Djde, first Earl of Clarendon (1609-74) 
friend of poets like Jonson and Waller, wrote a ” History of th< 
Rebellion. " This was modelled on the style of the Romat 
historian Tacitus, and is notable for its biographical value. 

The " Life of Colonel Hutchinson,” the Puritan, by his widow 
Lucy Hutchinson (b. 1620), is one of the most delightful of bio- 
graphies, with a historical character for subject, and, taken Uj 
as a study, will be read through for the charm and simplicity 0 
the najTative. 
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To the domain of history and antiquarian study bolong tim 
rwitings of William Camden (1551-1623), John Seklcn (i5li,|.- 
John Stow (c. 1525-1605), Raphael Holinshcd (c, 1520-80) 
and William Harrison (1534-93). Mcntioa riui.st also bo nindfi 
here of the invaluable diaries of Samuel Pepys ({633-1703) and 
Julin Evelyn (1620-1706). Pepys's diary in the original, I'.om,- 
preliencliiig six volumes, was closely written in sliortiicUitl by 
tlui auilnir, and Ijelunged to the collection of books and pictures 
tif’iiucathed by Iiim to Magdalene College, Cambridge. The 
-shorth.ind MS. was not deciphered till early in the igiii century 
by the itf.'v. J, Smith, and first published in an abridged version 
in (825. Hosides throwing a brilliant light on the manner,'?. 
p(‘r.sf)n)ige.s anil events of the Restoration period — tiie diary deals 
with the years 1659-1669 — it presents an amazing, because 
iib'soliitely honest, p-sychological study of Pepys himself, 

,/oiin Evelyn's diary (first published in tSiS) covers a period 
of seventy years ; his intellect remained fresh and vigorous to 
the last. His pen was a busy one, whether u.sed in descriptions 
of Court life after the Restoration, travel, or the countryside, 

The " Familiar Letters ” of James Howell (1593-1666) cojiti'iin 
much contemporary history and display both brilliant -wit and 
keen observation. They are the earliest written series 0? Englisli 
letters whicli may be styled Irteraiy, With them must ’bo 
nientioiied the e.xquisite epistles of Dorothy Osborne (lory-or,) 

aftenvards the wife of Sir William Temple, (.liploimil i.st aiui 
essaj'ist, 

" a testing." As we under- 
s and It to-day, an essay is a valuation of a siibicct, usually of 

Th‘ ■' fT “ standpoint of the wrjfnr. 

The^ Essays of Montaigne," the translation of which by fqlm 

Sr wf 1 preserves for us a vigorous and peronil a ly 

delightful example of Elizabethan prose! hardly ciLo 
nnderstand the word, 

^‘'^bethan and Jacobean pamphlets were in a sense 
of the’ “ P®^>^aps more distinctly l],e begiiiiHu- 

» irr;: r‘’“ “»• 
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of Eogli'yn prose nairaiive Even if we leave Sidney’s ' Arcadia 
out of the question, there are the tales as vvdl as Uie pamphlets 
of Robert Grceiie , of Thomas Lodge (c 1558-1625) whose 
“ Rosalynde ’’ inspired Shakespeare's " As Vou Like It ” and 
Ihom.i? Nash (1567-1O01), whose ‘ Jack Wilton piovided the 
prototype of Falstiiff 

Londoners who desire to learn how their )ir( ilrcessois lived 
three centuries ago will find a world of entertainment in ' The 
Gull's Ilmiibook' of fhoinas Dtkkcr (1570-1637) Ihe most 
iiitort sting and pcinuncnt of .ill the pamphlets is the Arto- 
p<igitie.i ' — so named .ifter the Areopagus the open-air urjit 
of AUitiis ill nliuh luitters of jiublic conctiii weit freely ven- 
tihitul — a tieiitli.iiit pit 1 for the libuty of the piintmg press, by 
John Milton (1608 74) AiioUiei of the great poet s prose works 
was the Uoetiino and Discipline of Divorce, ’ in which ha 
attacked the saciamental view of rn.iiTiage and argued that in- 
compatibility of chaiacter or contianety of mind should be 
Constituted just grounds for dnorce 

The fust of the English essayists proper is Francis Bacon 
(1561-1626) The student can have no better guide than is 
piovided in the fiftieth of Bacon's fifty-eight "Essays” — the 
one entitled " Of Studies ' — full-charged with wise and practical 
advice, perfectly exenijilifying Bacon’s method and perspicuity of 
style. " Histories make men wise poets witty , the niathe- 
matica subtile, natural philosophy deep, moral giave, logic 
and rhetoiic able to contend ” Of Bacon's “ Essays " Hallam 
rightly declared that it ' would be derogatory to any educated 
man to be unacquainted with them ” They deal with the 
essentials of life as recorded by a man of the acurest intellect , 
they fail only where the intellectual predominates unduly over 
the emotions His counsels of life are wise, but, as Henry 
Morley said of them " they arc not the whole abstract of human 
wisdom, and sometimes,»not often they sink where they should 
rise " 

NexttoBacon s Essays '"should be ranked the" Discoveries" 
of Ben Jonson, which Swinburne prefers before them, and Pro- 
fessor Samtsbury describes as coming " in chaiacter as in time 
midway between Hooker and Dryden " Jonson’s " Discoveries " 
have been too long neglected "Ihere is a great deal in them 
concerning education and study that will generously reward 
the moat careful attention 
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After JonKin, corwidered as an essayiat, come Abraha:^! Cowley 
(ifdi-i 67), whose Uitiguage is at once simple and graceful ; and 
Sir WiUiMin Temple (idafi-yo). toiiiewhat pompous, a little full 
a! jitfti'ttiiuKs learning, but distinctly a predecessor of Addison. 

It is (iitiicult to cliu.viiy tlie "Anatomy of Melancholy" of 
Kolnat Ihnton (1577- ifi.jo), but Jriiimuii and Charles Lamb both 
t-n.diy adtiiii'ed it ; it is full of ip.aint anrl curious learning, of 
ii pro’f..ui«l e.n't!i-str!fss, irony, and .somewhat bitter humour. 
iSurloii “-plain , til. It lie wiotc <4 mclaticholy " to comfort one 
juittiv, v.itli .iiiotlirr . . . nuilm an Antidote out of that 
'.'hi' Ii V..IS til' priun- of my disi'.ise." Tlic " Microcosnio- 
'■ of joiin If, all', hi, Imp of Salisbury (<:. 1601-63), is at 
line Ilf sniial iiud plulo'Oiiliical value, luit staud.-i, like the 
■' An.ifoiuy,'' by ilself. Tlirce otlici tmoks that drni.uKl notice 
iu< Uiu " Livc', " and " Complcat Angler '' of Iraak Walton 
'bf.l), ti'c (irst .'I gf'tii of literary liiograpiiy — containing 
tlic live livts of nonne, Wotton, Ilooltcr, Herbert and Sanderson, 
and one of Hr. Johnson's favourite boohs — the second one of 
the first of " country boohs"; and tho "Autobiography” of 
f.ord Herbert of Cisorlniry (1583-164.8), which Swinburne placed 
among '' the hnndr'.d best boohs.” 

The fiLice of honour ns tlie first English critic belongs*to John 
Dryden, In tin* wurd-i of I.owvll, Drydeii, more than any ofner 
single '.writer, contribulod, as well by precept as example, to free 
English prose from " the cloister of pedantry," and by his masterly 
handling to give it " .suppleness of movement and the easier air 
of tho modern world." 

" Hi.s style (Lowell continues) has the familiar dignity so hard 
to att.ain, perlja{).s unattainable e.vcept by one who feels that his 
own po.sition is as.sured. Swift was as idiomatic, but not so 
elevated ; Burke more splendid, but not so equally luminous. 
That his .style was no easy acquisition, though, of course, the 
aptitmie wa.s innate, ho himself, tells qs, when he tells us that 
the Court, tlie College, and the Town must be joined in the perfect 
knowledge of a tongue," 

Tiie introductions to DryUen'.s works are specially worthy of 
study, 'Ihe faruuns " f‘iss.iy on Dramatic Poesy" lias already 
been Commended. Nearly the whole of Dryden's criticisms will 
be found edited by W. P, Ker in his " Essays of John Dryden." 
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LESSON 31 

Great Journalists in the Age of Anne 

(See plate 49) 

W HAT the prose of the eighteenth century may lack in 
colour and warmth, as compared with the prose of the 
seventeenth century, it gains in general smoothness 
perspicacity and correctness. It has been styled “ aristocratic," 
and this description is in the main a true one. But at the period 
with which we are now to deal the " aristocracy of intellect " 
was to a great e.Ttent employed in the furtherance of ends more 
practical, or at least more partisan, than literary. These ends 
wore in part political, in part ecclesiastical, in part ethical, 
Thus the literature of the time must bo studied in conne.xion 
with its political, religious and social history. Journalism, 
which had its rise in the controversial pamphlets of Elizabethan 
and Jacobean times, received in the eighteenth century a new 
impetus, and the novel assumed a more definite shaj)e. 

Defoe. Daniel Defoe (c. 1659-1731) is often regarded as the 
father Cf modern English journalism, and the forerunner of 
RiEhardson and P'ielding. Today, except as the author of two 
or three books, one of them of world-wide repute, Defoe is hall 
forgotten. In his lifetime, however, he played many parts, and 
over 250 distinct works bear his name. Numbers of pamphlets 
and treatises flowed from his pen. Educated as a Dissenter, he 
had the cause of Protestant Nonconformity at heart. As an 
able and vigorous controversial writer, he supported William Ill's 
Whig policy against the High Church Tories. In the famous 
treatise, " The Shortest Way with Dissenters " (1702), Defoe 
with scathing satire advocated the complete extiipation of the 
dissenters, and this with such surface plausibility that his High 
Church opponents were at first deceived, and afterwards being 
the more enraged against him because of their deception, secured 
his committal for trial at the Old Bailey, where he was sentenced 
to be fined and imprisoned during the queen’s pleasure, and to 
stand three days in the pillory. Viewing him there, the sym- 
pathetic crowd, instead o£ insulting him, drank his health, 
Robinson Crusoe," and the " Journal of the Plague Year " 
(fictitious but a masterpiece of reality) are enough to secure for 
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Dpfoff pre-ofru’nc'fice as a tnaster of the art of literary illusion. 
lie Itad He was curiously heedless of chronol6gy ; he 

was weakp on tlie wlioli!, as a delineator of character. But he 
was an essential " realist,” with cre-ativo imagination ; im- 
inniitiely vigorcjus, clear-sighted and dramatic, he remains one 
of the greatest of English wiilor.s. Sir Walter Raleigh, critic 
and iirofessor of ICnglish, says : 

" With llefoc Itie art of ficti.m came to be the art of grave, 
im{H i turhahle lyinn, in whicli art tint best instructor is the tenth. 
And it w;''* to no reputed ina.slcr of roinance, but to recorder.? of 
faej:, t)iogoipli<'r;i, wtitors of voyages and travels, hi.storiana and 
annaliiit^,, tl.-.it iafoi; nerved hiji ajipretiiice.sliip," 

As file aiitijor of " Uaplain Singleton," ” Moll Rlanders," 
“ Col.inel Jiiclc ” and utluT works t)f a kiinlrefl (•luitacter, Defoe 
stood brilliant Kponsor to the iua'cI of crime. In lie started 
a " Review," whicli was tlic foreniiiuer of ” Tim Taller,'' ” The 
Spectator " and " Tlic Kanililer." Ho has bi'on called the 
typical journalist. His " Rolriiison Crnsue.'' written wlion he 
wsis fifty-eigiit, is as iirinrortai as ” Tiie Pilgrim's Progres.s ” or 
" Don Qui.vite.'' Like these two works and one otlier that we 
.sliail have to mention almo-st iinniediatcly, " Robinson Crusoe ” 
may be read by the young on account of the narrative alcjpe, and 
by older readers as an allegory. The .sequel, less nvcII known and 
greatly inferior, possesses consiflerable interest. 

Swift. As a pamphleteer Jonatlian Swift (1667-1745) affords 
an interesting companion study to Defoe. Swift was, however, 
by far the greater man. His power as a pamphleteer may be 
gauged by a consideration of the famous " Letters," signed 
" M. B. Drirpior,” and familiarly known as " Tiie Drapier Letters." 
In tht'.so comj 70 .sition.s lie .attacked the iniquitous " job " hy w’hich, 
in 1772, a certain William Wood, a hardwareman and a bank- 
rupt, \va.s granted a ]i:itcnt for supplying Ireland with copper 
coin. The. " Drapier I.etters " defeated tliia pjroject ; and though 
it is often said that tlie ensuing populanJy of their author among 
the Irish people was unpialatable to him. his beciucsts to Iri.sh 
charities seem to ne.gativc the idea that he had no sympathy 
for tiu: people amid whom his lot was for a tong time cast ; he 
always .sympathwed wdlh sufferers from injustice and had " a 
I>erfe';t hatred of tyranny and oppivs.sion,'' wtierevor he found it. 

" The Tale of a Tub " is the mo.st comprehen.sive example 
of all tliat is characteristic of bi.s prose style. As .sailors were 
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supposed to thiow out a tub to a wtiale to prevent it 
colliding with their ship, so Swilt thought by his " Tal^. " ^ 
afford such temporaiy diveision to the wits and frpetluii]jgj.j 
of his day as to prevent them horn injunng the State hy 
piopagation of wild theories respecting religion and pCiptics 
But Ins satiric genius, his fiery imagination and his keen eyg 
" the seamy side " imparted to “ The Tale of a Tub " qu^^i,|;,gj| 
that disguised his avowed object, and at the very outset placed 
an insiirmoiiiitahle obstacle in the way of his ecclesiijfjjjgal 
prefeiment 

" The ISaltle of the Books,” which, with ” The Tale of a I'ub " 
helped to make Swift famous, takes a witty part in a contiOversy 
that wsts raging amongst bis liteiary contemporaries ovi,j. 
respective claims of modem and ancient literature. 

Something like one-fourth of Swift's most remarkable 
" Gulliver's Travels,” and a great part of his other wntitjg aj.g 
marred by coarseness. But of " Gulliver's Travels ” enoijgjj jj 
so delightful as lomance as to rival both " Robinson Criif,Qg'i 
and " The Pilgnm's Progress ” Important as a satire 
'* Gulliver's Travels ” has a distinct value as an autobiogtaphy! 
While Defoe excelled in the art of making fiction read liln. 
Swift, yith the finest skill, cultivated a drastic simplicity and 
ihsmulvn-sfif >nf .n.ti'ik; dhr av.'uumvnkifeii’ wibiih gg 

formidable as to afford a pennanent object-lesson m the arj- j^at 
conceals art where the writing of nervous English prose con- 

cerned. But the fact must not be ignored that, with its 
carefully calculated simphcitv, the Enghsh of Jonathan s-ydft 
is never pedestrian or devoid of sparkle or variety. 

Students of Swift's life will find in his work much that reflects 
his unhappy expenences. They will be especially mdebf,;d jg 
the " journal to Stella ” (Esther Johnson, whose tutor he .jyas) 
for many valuable pages of autobiography and for many yde- 
lights on the manners of the time A staunch fnend, in spite of 
his intermittent hittenless of spirit, his correspondence ^lith 
Pope and Gay also affords authentic biographical matgnak 

Steele and Addison. Sir Richard Steele (i67z-i 7,.J9), tlio fnend 
apd schoolfellow of Joseph Addison (1672-1719), was, like Swift, 
born in Ireland, but in thus fact lies the sole resemblance between 
the saturnine Dean of St. Patrick's and the genial ” scallywag’ 
'W?ho originated " The Tatler,” wrote part of “ The Spectator," 
founded '' The Guardian ” and worshipped Addison. 
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In 1709 Steele started " The Tatler,” anonymously. It was 
a sinall sheet, sold for a penny, appearing three times^a week, 
and dc.sigiifjd lo expose " the false arts of life, to pull off the dis- 
guises of cunning, vanity and affectation, and to recommend a 
general simplicity m our dross, our discourse, and our behaviour.” 
Part of " Thu Tatler ” was devoted to news. When his pen-name 
of Isa.nc Hickerstnff, which he borrowed from a diverting pamphlet 
by Swift, beeanif' useless as a disguise, Steele founded " The 
Spi-ctator." "The Tatler" extended to 271 numbers, of which 
Steeli' wiiih' ifiM ; his friend Addison contrihiited 42, and they 
v,t\jv jointly lesjifinsible for 36. " The Spectator," which was 

pubh-.lii .1 duly, ran to 635 munhers, of which Arldison wrote 
274 and Sh'ole .'40. 

■| he whoU'somt I'ltfct ol these publications on the manners 
and inoi'.'ils of tlio eighteenth century can hardly bo exaggerated, 
Ilolh the style of writing and the tone of conversation were 
iinpno'cd as a result of their influence. Contrary to the custom 
of the time, women were treated in Steele's pages with genuine 
respect. It is generally conceded that while Addison’s style is 
thi' mure finished. Steele'.s is more marked by liveliness of 
invention. Addison usually \vrote at leisure, Steele often in a 
" white heat.” Tfic papers took the form sometimes »f moral 
and critical discour.ses, sometimes of short stories of domestic 
life, in the writing of which, and as an essayist, Steele excelled. 

I he plan of " The Spectator " was laid at a club, and in the 
second number, written by Steele, we are given the first sketches 
of the members. It is a remarkable testimony to the skill of 
Sti;ele's wotk that the characters stand out so clearly before us. 
"f he immortal baronet .Sir Roger de Coverleyis understood to be 
Streles invention. Stctde, as Hazlitt remarked, seems to have 
gone into his study chiefly to set down what he observed out of 
doors, Addison, on the other hand, drew most of his inspiration 
from book.s, 

Not^the least of Addison's services to literature was the atten- 
tion he gave in " The Spectator ’’ to Milton. The.sc papers should 
be studied by all who desire to appreciate the style and value 
ol literary criticism in Addison's tinic. On the whole we read 
Addwmi today not so much for the value of what he has to say 
a.s for the way in which he says it. 

I hat his style is not without its defects goe.s without saying, 
fie sacrificed everything to elegance, that is to rhythm or melody 
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of plirase. He shows, too, a somewhat limited vocabulary at 
times, and is apt to repeat unnecessarily his ideas and liis imAges, 
Occasional looseness of construction must also be attribultd to 
him : but in the essay this is not without its advantages, helping 
to lightness of touch, which is scarcely possible where the writer 
aims at rounded periods or stately, slow-moving sentences. 
There are not wanting those who think that Addison has long 
been something of a fetish with writers ou literary style — " read 
an essay of Addison’s every day " has been the injunction of out 
literary mentors (or generations— and that in the not very distant 
future his chief interest will be historic. But such authorities 
as Johnson and Macaulay have weight concerning the high 
qualities of Addison’s limpid style. Addison’s sentonce.s, accord- 
ing to Johnson, have neither studied amplitude nor affhcted 
brevity ; his periods, though not diligently rounded, are voluble 
and easy, " Never,” said Macaulay, " had the English language 
been written with such sweetness, grace and facility.” And if 
in the future Ills influence on individual students is les^ im- 
mediate, its eflcct on 18th-century prose can never be gainsaid. 

LESSON 32 

Gxeai Writexs oi the 3ohxisoniaTi Age 

iSm pliite 50 ; 

S AMUEL Johnson {1709-84), poet, essayist, dramatist, 
biographer, critic, novelist, lexicographer, and the " great 
Cham ” of English literature, the autocrat before vvhom 
every " quill-driver ” quailed, cannot be considered het® in 
relation to Ms unrivalled position as a great and wise tiilher. 
'The student must be referred to James Boswell's ” Life of Samuel 
Johnson, LL.D,” as the only one way of realizing Johrjson’s 
greatness. If one’s leisure will not permit of the considerable 
task of reading it in its ftill extent of six hundred thousand •vvords 
an abridgement will serve. 

As to Johnson’s influence on prose literature, Macaulay says: 
” His constant practice of padding out a sentence with useless 
epithets till it became as stiff as the bust of an exquisite : bh 
antithetical form.s of expression, constantly employed even 
where there is no opposition in the ideas expressed ; hi® big 
Words wasted on little things ; Ms harsh inversions, so vvidely 
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diff^ant from thosiC graceful and wsy inversions wliidi give 
variety, spirit, and sweetness to the expression of our great old 
writers- all tlxse peculiarities have been imitated by his admirers, 
and parodied by Ids assailants, till the public has become sick of 
the ‘ribje'cl.” 

Giliboti, the historian of Roman decadence, lived to write; 
Johnson, an infimU'ly gic.ilei man, wiote to live. Today, 
j ohm fin's “ Lives of ttie Poets" are read moie, perhaps, than 
aiivtliing he wrote, imt not for tlie accuracy of their data or their 
ud dhtuUty of jiidgonn nt. They disclose to iia not fine litcuiry 
III itiiu t ‘>0 miudi as line human syiiip.ithy. 

Eh', juo'ii tain of " K.i'oclas, I 'mice of Abyssinia," written to 
di fi.iy (he i oit of ins mMlhoi's funeial, has been aptly du.se, ribed 
as a prose version of fits poem on " 'ilio Vanity of Human 
Wi'ilns" Ai'oordmg to Uoswell, Johnson tohl his intimate 
fiieiid, Sir Joshua Hoyuolds, that he composed " Rasselas " in 
the evutiingb of one week, seat it to pies-, as it was wnUcn, and 
had never suite " read it over." His great " Dictionary ” was 
the first of its kind. It stands almost alone as the work of one 
man Its value and influence have been great ; and even today, 
except for its weakness on the side of etymology, a weakness due 
to the fact that Johnjon’.s Latin learning was not approathed by 
his kiif/v,i>-dge of Aiiglo-Sa.von, it i.-. a standard bo jk of reference. 
Tlic ordinary reader sliould have some actpiaintance with the 
" Lives of the Poets " , and “ R.i'-'-elas " he is not likely to miss. 
For tfie rest, to know this grand old character in Boswell's 
bior,r,lpby is, as it was to love tiir Richard Steele’s " Aspasia," 
“ a liberal education " 

The friend.slnp between bteele and Addison was not greater 
than that between Johnson and Oliver Goldsmith (1728-74}. 
But no gieaif r contiast could be imagined than that afforded by 
the writings of tlie two ra-’u. Sir Rdmund Gosse says : 

" In prose style, as in poetic, it is noj-icuablo that Goldsmith 
ha.s Id tie in conniion with his great contempuranes. with their 
splendid burst ot rhetoric and I.atin pomp ot speech, but tliat he 
gue.s h.ick to the pcifucL plainnt and simple grace of the Queen 
Anne mm He aims at a btraigtitlorwari.t ulfect of pathos or of 
humour, accompanied, as a mle, with a colloquial ease of 
e.\prc.s.Shm, an appaicnt absence of all effort or calculation." 

Goldsmith's pio.se approximates to tliat of Addison. The best 
examples of it are to be found in his " '"itiiien of the World " and 
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“ The ^Ticar of Wakefield." The first-named work consists of a 
series ot letters supposed to have been written by a Chinainan 
resident in London, vvho was jotting down his experiencet. lot 
the benefit of his friends in the Far East. The idea vva.s not 
original, and it has since been imitated by innumerable writers, 
but the delight fid wit and humour of Goldsmith's work have 
never been excelled. "The Vicar of Wakefield," Goldsmith’s 
chief prose work, is dealt with in another Lesson in this Course, 
one of several concerned with the history of tlie English novel. 

The period now under consideration, dominated as it was by 
humanism and intelligence, is naturally rich in historians anil 
philosophers. George Berkeley, Bishop of Cloyne (1635-1753), 
was a man whose life, apart from his writings, is full of interest. 
As a philosopher he aimed at the overthrow of materialism (sei 
Lessons ii and 12 in Philosophy, volume 3, pages 554 and 557). 
He was an acute and original thinker, possessed a style of 
great force and elegance, and he is one of our most accomplished 
writers of dialogue. 

Joseph Butler, Bishop of Durham (1692-1752), was the author 
of a work on the " Analogy of Religion, Natural and Revealed, 
to the Constitution and Course of Nature," which won for him 
the nafue of " the Bacon of Theology," and remains a standard 
work in its own depiuTment. David Hume (1711-76) was 
distinguished as an essayist, a philosopher {see Lesson ii in 
Philosophy), and a historian. Possessing wonderful clearness of 
mental vision, his style is marked by exceptional lucidity. An 
opponent of popular government, he was yet the first of our 
writers to recognize the importance of the social and scientific 
as well as the constitutional and political factors in the making 
of history. His influence as a philosopher was most appreciable 
in Scotland and Germany 

The greatest of English historians, Edward Gibbon, the son of 
a Hampshire gentleman,, was born April 27, 1737. After a pre- 
liminary education at Westminster, and fourteen " unprofitable" 
months at Magdalen College, Oxford, a whim to join the Roman 
Church led to his bani.shment to Lausanne, where he spent five 
years, formed his taste for literary expression, and settled his 
religious doubts in a profound scepticism. It was in 1764, while 
musing amid the ruins of the Capitol of Rome, that the idea of 
writing “ The Decline and Pall of the Roman Empire ” first 
.started into his mind. The vast work was completed in 17^^’ 
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" A fitiidi’ in Eitcrature," written in French, and his " Mis- 
(A-ilaneoufj Works," published after his deutli, which^include 
" The Memoirs of his Life and Writiiij's," complete the list o£ his 
lituury iaiiours, lie died on January if>, 1704. 

‘t'iif maaiu-r in which Gibnon contrived a literary style that 
fitted tlm tnuHuilude of his tlieme remains one of the marvels of 
our iiltuatiire. nonsense about its " jicmi[)osily ” ha,? lieen 

wnttcri . it niir.es will> l>fU)iiunf' firarity and produces a sense 
tit fonnalily whi'di is iini)ri-,sive willionf becoming wearisome, 
and luu it. tiy til, it tolicn, most iugcniimsly varied without any 
ap|«Mi,titi ol ctloit ,tt vaiii-iy. Tln-re la a wonderful illusion of 
( ii'.ituue d piogje.i in tlie niitativo, eveu when the tsserice of it 
i . ,e 111 i.iti d with til m>;, th-it aie statu. One ts impressed with the 
utiit'.ki. Ill hi itniy , the lu'ilunaii ,eeiii‘-. by some subtly process of 
.ut to ii ivfs fitted all the epi‘ii)d''s of fourteen centuries mto otm 
loitgtuoiH drama of hninanity, and tlie luultittuliuous histone 
eliai asters tiiat Irc.ul bis vast stage in a pageant beyond tlie 
dreams of imaginative poets, though sliown in true historic 
ps-iapective, art: .dl endowed with their diainatic values to the 
furtheiunco of the grandiose schema of the arch-director, who 
huiiuiions them Iiack with such a wonderful illusion of life to 
re-tread the stage of history. Some would say, iiowev^r, that 
Gibbon, in an age of iutelfcctual riches and spiritual poverty, 
and tiy rt'.uon of iua teinpouimental lack ot sympathy, forgot his 
customary miparliaiity in the lamous 15th and iSth chapters, in 
which he explained the rise of Christianity In spite of tiiis, 
"The Decline and Fall " is one of the inevitable items in any 
list of books to read. Gibbon’s " Memoirs " is also one of the 
books tiiat should be read and re-read ; it i.s the best auto- 
iiiography in English. 

The Irishman. Edmund Burke (1720-97), was a statesman and 
orator as well as an autlior. Matthew Arnold has described 
Burke as tlie greatest master of English prose .style that ever 
lived. Apart from his speeches, Burke’s principal p'rose worlcs 
are; "A Vindication of Natural Society, " written to ridicule 
Bolingfiroke’s vicw.s on society atul religion ; an ” Inquiry into 
the Sublime and the Beautiful,’’ and " Rellectious 011 the 
Mevoliition in France.” 

Of ail the eiglitcenth century writers, pierhaps Burke is the one 
whom the .student can least afford to neglect. De Quincey, who 
no hasty euiogi.st, considered him the supreme writer of Ids 
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time. Whether that jutlgement can be entirely justiflecl is not 
easy to show without entering into detailed comparisons between 
Burke and his contemporaries ; but the fact remains that for 
much that makes for true citizenship, as well as for the litenrary 
graces, the student must have recourse to the works of Edmund 
Burke — his speeches not less than his witings. He helps ns 
marvellously to a clear understanding of the public life of our 
country, though he may not always convince us. 

We must not be content, however, with knowing Burke in 
" The Sublime and the Beautiful,” which, though somewhat 
crude, is a notable contribution to aesthetics ; his " Reflectious 
on the Revolution in France,” far less known to the ordinary 
reader, is even more worthy of study. It presents lucidly his 
horror of violence and his contention that liberty is only to be 
admired in the guise of order. His speeches present a rich field 
whence we may glean knowledge of life and wisdom. 

Horace Walpole, fourth Earl of Orford (lyiy-gy), set up a 
private press, whence he issued " A Catalogue of Royal and 
Noble Authors.” He also wrote ” Anecdotes of Painting ia 
England ” ; a tragedy, ” The Mysterious Mother,” and a romance 
entitled “ The Castle of Otranto.” He left nearly 3,000 letters 
and a '' "History of the Last Ten Years of the Reign of George II." 
Walpole possessed a brilliant style, which will serve to keep his 
works alive and render his letters readable independently of their 
historical value, 

Adam Smith (1723-90) wrote a work entitled " The Wealth 
of Nations,” which originated the study of " political economy ” 
as a distinct branch of science, inspired a world-wide interest in 
the sources of wealth, and was responsible for the rise of the 
theory of Free Trade. " The Wealth of Nations " is a book that 
may still be studied with pleasure and profit. It afiords an 
example of the way in which a " dry " subject may be treated 
so as to appeal to the popular mind. 

Our Course in English Literature is continued in Volume 5i 
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Third Conjugation Verbs 

uvular tliird cnniunation consists of only 

I ‘<‘'.(“11 W’ibs With the exception of devoir, to owe, and 

^ tt . (b 

redci'tnr, still to owe, all the third 

t.iniu" Ui >11 \frli, licU.ii» to the same sroup. They are: 

^ to JX’lOflVl* 

; coticevoir. Ui conceive ; ddcevoir, to 

d' , peKi'mar, to 

p'ueivo (leccive impre.s.sion.s), also to 

!■ y tii’o , 01(1 h'Oi'Oir, 

, to ie<eiv('. It is to be noted that in 

thi <' ■ I't h , ltll,l ( t.Uo a 

a t.edill.i (f) when it occurs before o or «, 

10 "rd't (o ri-t.tin tiv sott .sound tliroiiRlioiit tlie verb. 

IrancAuvf Mrioo, 

‘■illtllllt' Tofl,<-'l 

Compound Tenses. 

I'rcbt'iti. 

Past Indefinite. 

I I'll the. am receiving, 

etc. I li.ive received, etc, 

}e n\‘> h 

fiat 

lu repo ; 

tu as tixu 

ll, til rfpjif 

il, elle a ref u 

H lUi H'l i'VjHi 

noH^ avoiis reffii* 

VOH$ E’C 

vou% iivez re^u 

its, t'll'H rji-otvenS 

tls, elles nnt reyu 

Imperfect, 

Pluperfect. 

I was receiving, etc. 

I had received, etc. 

je receoaiii 

favats re^^u 

tu recei'iits 

tu avals reyii 

ft, etle receuail 

il, elle aratl refu 

now; tcifCioHS 

nous avions repu 

voiis receviez 

voHs aviez refu 

its, (lies recevaieni 

tls, elles auaient refit 

Past Definite. 

Pail Anterior. 

I recen-ed, etc. 

I had received, etc. 

regiis 

j'eu:> n*fu 

iu remits 

tu eas refu 

U, eUt, TiQut 

il, elle eitl refU 

nous rf<;i%me$ 

nous eiimes lefii 

vum MfAtes 

VOHS elites refu 

*ls, elks regurmt 

tls, elks ement refu 
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Future. 

1 shall fhceivc, etc. 
je recevrai 
in recewae 
il, elle recevra 
nous recevrons 
vous recevree 
its, elks recevroni 


Present. 

I would receive, etc, 
je recevrais 
tu recevrais 
il, elle recevrait 
nous recevrions 
vous rectvriez 
ils, elles recevraient 


Future Anterior. 
I shall have received, etc. 
j'atirai re(-u 
tu auras regu 
il, elle aura regu 
nous aurons regu 
vous aurez regu 
ils, elles auront regu 

Conditional. 

Past. 

1 would have received 
j'aurais regu 
tu aurais regu 
il, elle aurait regu 
nous aunons regtt 
vous aunez regu 
ils, elles auraieni regu 


Imperative. 
regois, receive (thou) 
qu'il regoive, let him receive 
i/u'elle regoive, let her receive 
recevons, let us receive 
recevez, receive (ye) 
qu'ils regoivent, let them (m.) receive 
qu'elles regoivent, let them (f.) receive 


Subjunctive. 


Present. 

That 1 may receive, etc. 
que je regoive 
que HI regoives 
qu’il, qu'elle regoive 
que nous recevions 
que vous receviez 
qu'ils, qu'elles regoivent 
Imperfect. 

That I might receive, etc. 
que je regusse 
que itt regusses 
qu'il, qu'elle regHt 

I 


Past. 

That I may have received, etc. 
que fate regu 
que tu ales regu 
qu'il, qu'elle ait regu 
que nous ayons regti 
que vous ayez regu 
qu’ils, qu'elles aient regu 
Pluperfect. 

That I might have received, etc, 
que feusse regu 
que tu Busses regu 
qu’il, qu’elle eHi regu 
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DAMMiNGi THE BLUE NILE. This photoi'ruph shows the M.ikwur or Sennar 
(lam, itlxiul 200 miUs soutli-eust ot kliaftuiii, that traps tlii' tlooil waters truin 
the Ahyssiniiin Iiii;lilanOs. The threat protriullntj trranitc wcJijcs have l)eofi pr'i- 
vidyd to bru.ik the lorce of the trenienilo\ii fall of water that otherwise nnelir 
Jamaj'e tin* surhiv’e of the dam. The dam is 3,300 yards in leny:th. Eng[Ni:epi?,i; ji 
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THIRD CONJUGATION VERBS 


nints 

vaus refusnt! 
tju'ih, qu'elks reptsunt 

Prc'senl. 

recei'otr, to recuivo 


que nous eifsswns repu 
que vous iussiK rs^u 
qu'tls, qu'elies eussent fefu 

Inmni five 

Past. 

avoir requ, to have received 


PAUriCII'LE. 

Vuvnl. Pa^t. 

n’ltidnt, I > 'Ffa, reF.eivcd 

ayanl refit, liavitiK received 

it 

l-.xi Rcisi;. 

i r. :f All. i;. Ill I'hi t;r it : i. When I was a child I was very 
iaSihii HciiHtiin) 1 he caith is ncvoi ungrateful {ini;rat) 
it If (I. OioxFfU) v.itti {lie} it', flints all those whu cultivate it, 
•I, It IS nut af?i‘, it NH'rti'f (le thnqnn) that ha, made liia liaii white 
{htiinthir) 4. It you do not choose {ckuisir) a good spot {un 
enilrmS} to lay {Hahln] the foundation (les foudaiions) of the house, 
you V, ill he obliged to pull it down (dCmohr). 5. The shame ol 
that action rellects (rejlvchir) on all those who have participated 
Ipmiiciper a\ in it. b. Amongst the trees, almond-tiees [amandier) 
blo.sauin (the) first, and medlars {lu'/her) last 7, After^o many 
ciilamitie.s (Laltunite) it is astonishing (iHonnant) that this country 
should fie I'prta. suh).j so Nourishing today. S The arms which 
have been blessed by {pm) the Church are not always blessed by 
[de] hea^ven on the battlefield, y. There are men by (of) whom it 
13 glorious to be hated 10. We (one) do not always hate those 
whom we render unhappy, ii. Good books cure {guirir) the 
diseases {la maladie] of the mind {esprit, m.). 12. A free (h'hre) 

people ipeuple) obeys (obeir), hut it does not sei-ve [sert). 


Kev 10 Exercise in Lesson 28. 

I. Plus il avanyait cn age, plus il avaii^oit en sagesse. 2. La 
manidre dont fes Roinains pronomjiiient le latin dtait tr^s 
differeiite de cellc doul nous le pronon^ons aiijourd’hui. 3. Il 
purlagt'a sa fortune entre ses trois enfants 4. Scion un proverbe 
hanyais, Tappdtit vient en niangeant. 5. Il appelle sui son 
biwiUitt'ur les b^nddictioiis du ciel. 6. On dit d'un honirae qui 
liisKijie aa fortune, qu'il jettc son argent par la fenetre. 7. Cette 
Icttre nous aniumci; une bonne nouvelle. 8. La legon commence 
a la (Mge soLx;mte-«iis, 9, linvuyez cette pendule chez I'horloget 
|siur qa'il I'arrange. lo. fe gagerais volontiers cent franca que 
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ce n’est pas Im qui remporlera le pnx n En mil six cent 
soixante, Cluirles ii lut rappele aii trfliie 12 Ce poisson at 
troppciit, rejelez-le dans I'eau 13 Quand les pfioheurs serout 

en pleine mei, ils jetteiont leurs hlets 14 Ceux qui emploient 
mal leur temps sont les pieinicis a se plaindie de sa brifiveld 
15 La lumifire emploie de sept k hull minutes a nous veiiir du 
soleil r6 Nous pardonnons souvent a ceux qui nous eniuuetit 
mais nous pirdonnons larement k ceux que nous ennuyons' 

17 Nous avons achetd la victoire au pnx de nos meilleurs soldah 

18 Co qu'on achdtc en d6tail est plus cher que ce qu'on achfite 
en gros ig II a geld toute la nuit . s’ll geie encore deinain 
nous pourrons peut-etre paUner samedi 20 Tout chemin niSne 
k Rome, dit le provcibe 


LESSON 30 

Verbs of the 3rd and 4th Conjugations? 

O r the third conjugation, the verb devoif calls foi special 
notice, as regards its conjugation, its idiomatic meanings 
and Its uses In devoir the letter d takes the place 
of the no ot recevotr Consequently, its principal parts are 
devoir, devant (fern <i«e, plur dus),}edois,]e dus 

When devoir is used in the present or the imperfect of the 
indicative, and followed by another veib in the infinitive, it is 
equivalent to the English " I am to,’ “ I was to,” " I have to " 
Examples Je dois frochatveme-nt lecevoir de I' argent, I am to 
leceive some money shortly . il doit y avoir demain une assemble 
del actionnatres, there is to be a meeting of the shareholders 
tomorrow , je dots atler demaw d la campagne, I have to go to 
the country tomorrow 

In the present mdicatiye it sometimes expresses what is held 
to be a certainty, and is then to be translated by " must " , 
s‘il a fait vi-ngt tntUes, tl doit Ure bun fattgud, if he has walked 
(lit., done) twenty miles, he must be very tired In the same 
tense it may also express moral obligation Example un bon 
fils doit respecter son pdre, a good son should respect his father 
In the present conditional (p devrais, etc ), devoir is to be Irana* 
fated by " ought ” ; and in the past conditional {j'anrats dd, 
etc.)* by “ ought to have.” Example : vous devnos Im payer 
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d'di'trii cc que inns Ini devez, you ought iir&t of all to pay him 
viiiat you him ; fmts n'atiriez pas dti lui dire cela, fou ought 
rint tu liavt: tulil him that. 

ill the pa'll inch finite, <infl occasionally in the past rlefinitc 
ami iilupi-rfea (fai d{i, je dns, j'avais dii), devoir implies obliga- 
tiiiii : }'ai dit lui dniiner quelqitt chose pour m'tn dibanasser, 
1 hail to him soiiicfhiiig to get rid of him. 

U 1 ., to Ijc i.ii-idvilly noted that, in all tliese constructions, 
the v( il. lo’.Iov.iiij.; dtr<Jir is in the pn-jcnl intiintive. 


» !'..\) Ilf n>i, (. 

lr\-. .1 Mi, JO to I'M .M n ; i. We re/ t-ivc tuo papeis every day. 
‘di" ti M‘iM . ha 111! ml . on ’Unit , day;, (It jtifcli). 3. We per- 
(tiad .1 (ittle v.hthi tiouM' at tin. foot of the lull. 4. Have you 
!i it a 1* < ' 1', I <1 .my reply (ri'piiitse, f ) to youi let (er ? 5. Ills easy 

t" I \pi( 1 Itii’uuer) eleaily {dainmou) vlint uno conceives 
pro[ef!y ft.://.’). 0. When you r<v<Jve this letter J .shall no longer, 

h'- lu Hii'tland. 7. Alumt ten o’cloolc in the morniu.y wi: pjerceiveeb- 
th'' lujbtdt (cni/tinti army in the distance (lomtain, m.). S. HeJ 
inits 111! tailor fifty francs. 9. It you owe him -so much, do you 
owe me nothin;-; ? io. You ought fo plant some trees along 
{!i‘ long tie) tliat avenue {allde, f.). ii. When is there *10 be a 
meeting of the shareholders ? 12. If good faith (/of, f.) v^ere 

eMled from the re.st of tiie earth, it oipght to be found again 
(i’r rchouveij in the he.irt of kings. 13. You ought first of all to 
pay me •what you tave me. 14. She must have been greatly 
a.stoiiislierl at (i/e) seeing you. 

Fourth Conjugation. As an example of verb.s of the fourth 
conjugation we take tlie verb veudre, to sell. Principal paiAs : 
toulre, vendaut, vendu, je vends, je vendis. 


Simple Tensls, 
Present, 

I sell, am selling, etc. 

je vends 
tu vends 
il, vile vend 
nous vendons 
wjw oendes 
th, elks vendent 


iN'Btc-vnvi, Wood, 


CO-M^OUKD TkNSES. 
Past Indefinite. 

I have sold, etc. 
j'ai vendu 
Ut as vendu 
il, elle a vendu 
nous avous vendu 
vous aves 1 endu 
Us, elles out vendu 
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Imperfect. 

I was selling, used to sell, etc. 
je vendctis 
tu vendais 
il, elle vewlait 
nous vendiOHS 
vous vendiez 
ils, elles vendaient 

Past beftnUe. 

I sold, etc, 

]e veudis 
tu ve-ndis 
il, elle vendit 
nous ve-ndimes 
vous vendUes 
tls, elles vendirenc 

Future. 

I shall sell, etc. 
j# vendrai 
tu vendras 
il,ellevei}dra 
wwAj neudYWs 
voux vendvex 
ils, elks vendront 

Present. 

I would sell, etc. 
je vendnis 
iu vendrais 
ii, elle vendrait 
ncms vendrions 
vous vendnez 
ils, elks vendraient 


Pluperfect. 

1 had sold, etc, 
j’avais vendu 
tu avals Vendu 
tl, elle avait vendu 
nous avions vendu 
vous aviex vendu 
ils, elles avatenl vendu 

Past A nterior, 

I had sold, etc, 
j'eiis vendu 
tu eus vendu 
il, elle eiit vendu 
nous eumes vendu 
vous eUtes vendu 
ils, elles eurent vendu 

Future Anterior. 

I shall have sold, etc. 
j' aural vendu 
tu auras vendu 
il, elle aura vendu 
nous aitrons vendu 
vous aurez vendu 
ils, elles auront vendu 
Conditional. 

Past. 

I would have sold, etc 
j’aurais vendu 
tu aurais vendu 
il, elle aurait vendu 
nous aurions vendu 
vous auriez vendu 
ils, elles auraient vendu 


vends, sell (thou) 
qu'il vende, let him sell 
qu'elle vende, let her sell 
tieiidans, let us sell 
vendez, sell (ye) 

qu'elles vetuient, let them sell 
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Present. 

That I may Hell, etc. 
qm )e ventk 
ijue In vender, 
qii'il, q'-i'rUe vende 
que K'lw; irnUtons 
rjue. t<iu'i v^H-Jiee 
jii'iis, qii'r'll,''. vriidcHt 
I tnperjtrt. 

IJI.U I sell 

q-ii‘ je v.-iidf.se 
qtii' Ch vrtt'il'. I", 
qn'il, qu'cUe vrndit 
qne nnit, tieHd.i',st‘)KS 

^«<v' V’jKi vcKdiiiste^ 
iju'ih, qii'rllss vendissent 

Prrse.ni. 
vsnibe, to HeU 


Subjunctive. 

Past. 

That I may have sold, etc. 
qite j'aie vendu 
qite hi aies vendu 
qn'il,qu'elle ail vendu 
quc nniis ayons vendu 
quo nous ayez vendu 
quits, qu’elles aient vendu 
Pluperfeci. 

'that I mif'ht have sold 
qtte /'nisse vendu 
qiee tu etisses vendu 
quit, qtt’elk et'U vendu 
que nous eussions vendu 
que t/ous eussiee vendu 
qu'ils, qu’elles eussent vendu 
Iniinitive. 

Past. 

avoir vendu, to have sold 


Participle, 

Peesem. Past. 

vendant, selling vendu, e, sold 

ayant vendu, having sold 

Note, The 3 rd sing. pres, indie, of all verbs like vindre 
ends in d, except rompre, which has rotnpt. 

The fourtli conjugation verbs used in tlie exercise which 
follous are ; 


alkndre, to wait for 
descendre, to cornu down, 
fall 

entendte, to hf.ir, 
uriileistand 
eUmhe, to extcrrrl 


fondre, to melt 
mordre, to bite 
perdre, to lose. 
rendre, tg return, render, 
yield 

rdpondre, to answer 


Exercise II. 

Translaie iNi'O Ekench : i. Do you hear what I tell you ? 
Z. Do not be afraid of the dog, it will not bite you. 3. You are 
always losing something. 4. Wliy have you not answered (to) 
hi.H letter ? g. We heard some noise (l/ruil, m.), upstairs (en 
ktiftj. 6 . Let them wait for us now, we have waited long enough 


{ 357 > 



FRENCH 30—31 


for them 7 \Vd.it foi Ihom , they are not ready [pyii) yet 
8 Do not to‘iO so much time m (a) chattering (bavarder) 9 The 
enemy (pi ), coming down from their mountains, pillaged (piller) 
the vholt distiict [cmit)ee) 10 'those houses will be sold by 
auction (aux endiirei) at eleven o clock precisely ii I closed 
niy cjos and I heard a fiightful (epouvantable) clin {fracas, m) 
12 You aill lo-c nothing by {pour) waiting 13 The discovery 
of Amuicd gi rally extended European comnieice 14 The 
therinonictu {ilicrmomHre, m) has fallen {de) four degiecb since 
yesterday i ‘j 'I he young man thanked us without embarrass- 
nu nt foi the service whicli sve were rendering him 16 The blows 
{coup m ) v-liith v,e fid {sentons) most are those which we can 
{/omoHsj notii tiiiii 17 Sonic guiins (gram, ni ) yieldabundred 
fold (hundred foi out), othtis sixty, and others Unity 

Krv ro Exi rcise in Lesson 29 
I Quaiid j’ctais enfant j’ttais tres honteux 2. La teire n’est 
jamais ingrate elle noiirnt de ses fruits tous ceux qin la cultivent 
j Ce ii’esl pas 1 age, c tat Ic chagrin qiii a blanchi ses cheveux 4 
Si vous ne choibiasta pas uii bon endroit pour 6tablir les fondations 
de la maison, vous sere? oblige do la demolir 5 La honte de 
cette acton reflethit sur tous ceux qui y ont paiticip6 6 Parmi 
les P'rbres, Its amandiers fleurissent les premiers, et les ntfliers 
les demieis 7 Apres tant de calami tes il est 6tonnant que 
ce pays sent aujourd'hui si florissant 8 Les armes qui out 
benites par 1 Eglise ne sont pas toujours b6nies du ciel sur le 
champ de bataille g II y a des hommes dont d est gloneux 
d'etre hai 10 On ne bait pas toujours ceux que Ton lend 
malheureux 1 1 Les bons hvres guenssent les maladies de 
Tesprit 13 Un peuple librc obdt, mais il ne sert pas 

LESSON 31 

Pronominal Verbs 

T Hf pronommal verbs have a pronoun me, te, se, nous, vous, 
standing as direct object (acc ) or indirect object (dat ) 
Most pionoimnai verbs are reflexive, that is, the object 
and subject both rettr tu the same person The student wiU 
observe that the compoimd lenses of the model verb below are 
mad* with Mrs , this is the case with all pronominal verbs 
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pronominal verbs 

The past pai-ticiple in compound lenses followH llu* iiilc ioi tlu) 
agreement of the past participle when compounded wrUumoir ; it 

agrees with its direct object when that diiect object piecedes the 
verb. The foliowing points should be also noted : 

1. These verbs fall mto two classes ; (a) chseiituilly lellexive, 
i,e. conjugated always with tlie reflexive piononn, o.g. su npenUr, 
to repent, (i) accidentally reflexive, i.e. verbs used either without 
or with the reflexive pronouns ; e.g lever, to raise, se lever, 
to rise, 

2. The pronoun object of the reflexive verb may be (a) direct, 
(Jjjndirect e.g tl se (acc.) lave, he washes himself ; il se (dat.) 
lave lei mams, he washes his hands. If the reflexive pronoun is 
the direct object, the past participle agrees with it in gender and 
number, thus : elks se sent lavees, but, elks se sent lavd les mains 
(direct object) 

3. Pronominal verbs are often used, in the plural, reciprocally, 
when they indicate an action which several subjects mutually 
do to each other, thus ; els s'embrass^rent, they embraced each 
other. Sometimes the reciprocity is not clear, thus ; ils se 
flaltent may mean " they flatter themselves " or " each other." 
To make the reciprocal use plain add Vun I'mtre, Vune I’ autre, 
les ms les attires, les tines les attires or mtiluellemeni, or ric^roque- 
ment, thus ; tls se flaltent les mis les aulres, they flatter sue 
another 

4. For convenience, the infinitive is designated by the pronoun 
ss, but ^ny of the otheis may equally well be used ; Je vat? me 
■promener, tl est temps de te lever, etc. 

As an example of pronominal verbs we give the conjugation 
scheme of se lever. Principal parts : se lever, se levant, s’Stanl 
levd, ]e me Ikve, je me levat. 


Present. 

I rise, etc. 
je me live 
tu te lives 
il se live 
elle se live 
nous nous levons 
vous vous levee 
di se liveni 


Indicative Mood. 

Past Definite. 
I rose, etc. 

]e me levai 
tu te lavas 
il se leva 
elle se leva 
nous nous ksidmes 
vous vous leaAtes 
ils se levirent 
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Imperfect. 

Future. 

I was rising, etc, 

I shall rise, etc. 

je me Uvais 

je me liverai 

tu te levais 

iu ie Iheras 

il se levaii 

il se livera 

ncais wjus ieuwvis 

nous nous Uverons 

vous votts levtee 

vous vous leverez 

iU S6 kvaient 

Us se Uveronl 

In all the coitipountl tenses the past participle must a^ree in 

each. Case, with the letlexive pronoun, which is the direct object, 

but such Variations are noted only in the first tense. 

COHPOONO I'ENSliS. 

Past Indefinite. 

I have iisen, etc, 

nous nous sommes levis, or 

je me suis leve, of ^f.vee 

levies 

tu I'es lev6, or lev^^ 

vous vous ites levis, or 

il s’est leve 

levies 

elle s'esl levtle 

Us se sont levis 
elks se sont levies 

Pluperfect. 

I had risen, etc. 

nous nous iiions levis 

je nfilah levd 

vous vous hl'iez levis 

tu t'itais leve 
il s'dtail leva 

Us s’itaieni levis 

Past Anterior. 

I had risen, etc. 

nous nous fumes levis 

je me fus levi 

vous vous f Hies levis 

iU te fus levi 
il se fut levi 

Us se furent levis 

Future Anterior. 

1 shall have risen, etc. 

nous nous serons levis 

je me serai levi 

vous vous serez levis 

iu te seras levi 
il se sera levi 

Us se seront levis 

CONDITIONAt, 

Present. 

1 should rise, etc. 

nous nous Uverions 


tiows traus Linvtiift 

iu U livtrais 

U $e Iherait 

its se liveraient 
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past. 

I should have rLsea, etc. nous nous serions levis ) 
je me serais levS nous vous series levds 

lu le serais kve Us se seraient leves 

il se serait levS 


Imperative. 


Uve-ioi, rise (thou) 

qu'il se Uve, let him rise 

levons-nous, let us rise 

levei-vous, rise ye 

qu'ils se Uvent, let them (m.) rise 

Subjunctive Mood. 

Present. Imfierjeci. 


That I may rise. etc. 
que je me live 
que tu le lives 
qu’il se live 
que nous nous levions 
que vous vous levies 
qu'ils se liveni 

Past. 

That I may have risen, etc. 

que je me sois lave 

que lu te sois leva 

qu’il se soil levi 

que nous nous soyons levds 

que vous vous soyez laves 

qu'ils se solent levds 


That I might rise. etc. 
que je me levasse 
que iu te levasses 
qu'il se levdt 
que nous nous levassions 
que vous vous levassiez 
qu’ils se levassent 

Pluperfect. 

That I might have risen, etc. 

que je me fusse levi 

que tu te fusses levi 

qu’il se fut levi 

que nous nous fussions levis 

que vous vous fussiez levis 

qu'ils se fussent levis 


Present, 
se lever, to rise 


Present. 

se levant, rising 


Infinitive. 

Past. 

s'eire J,evi, to have risen 
Participles. 

Past. 

s’itant levi, having risen 


Notes. — ^Pronominal verbs are conjugated negatively; (i) in 
simple tenses, by putting ne between the two pronouns and pas 
after the verb : je ne me trompe pas, I am not mistaken ; (2) in 
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OompouTid tenses, by putting w between two pronouns, and pas 
between tKe auxiliary and the past participle : je ne me snis pas 
trompi, I bave not been mistaken. 

Contrast also in the negative imperative the position of the 
reflexive pronouns witli that in the imperative affirmative ; kj 
te irompe pas, be (thou) not mistaken ; and in the infinitive 
note the posiiions of the pas : Present: ne pas se iromper, 
not to be mistaken ; Past : ne pas s'Ure tvompe (e, ^s, des), not 
to have been mistaken, 

Kisyh to ExiJRCisiis IN Lesson 30. 

( I ) I. Nous rocevons deux jouniaux tous les jours. 2. Em 

re^oit ses amis le joiidi. 3. Nous aper9finic3 une petite niaison 
blanche an pied do la collinc. 4. N’avez-vous pas encore refu 
dt* r6pon.se a votre lettre ? 5. II est facile d'dnoncer clairenient 

ce que I'on congoit bien. 6. Quand vous recevrez cette lettre 
je ne serai plus en Angleterre. 7, Vers dix lieures du matin 
nous apergiinies I'armiie eunemie dans le lohitain. 8. II doit 
cinquante francs h son taUleur. 9. Si vous lui devez tant, ne me 
dovez-vous rien ? 10. Vous devriez planter des arbres le long de 
cette all6e. ti. Quand doit-il y avoir une assembles des action- 
naires ? 12. Si la bonne foi dtait exilee du reste de la terre, elle 
devrait ro retrouver dans le coeur des rois. 13. Vous devriez 
d'abbrd me payer ce que vous me devez. 14. Elle a du etre bien 
dtonnde de vous voir, 

(II) r. Entendez-vous ce que je vous dis ? 2. N'ayez pas peur 
du chien ; il ne vous mordra pas. 3. Vous perdez toujours 
quelque chose. 4. Pourquoi n'avez-vous pas r6pondu a sa 
lettre ? 5. Nous entendimes du bruit en haut. 6. Qu’Os nous 
attendeiit maintenant, nous les avons attendus assez longtemps, 
7. Attendez les ; ils ne sont pas encore prbts. 8. Ne perdez 
pas tant de temps h bavarder. 9. Les ennemis, descendant de 
leurs montagnes, pillaient toute la contrde. 10. On vendra ces 
maisons aux encheres a onze heures precises. li. Je fermai 
lea yeux et j'entendis un fracas 6pouvantable. 12. Vous ne 
perdrez rien pour attendre. 13. La ddcouverte de PAmtirique a 
beaucoup dtendu le commerce europ6en. 14. Le thennomStre 
a descendu do quatre degrds depuis hier. 15. Le jeiine hoinme 
qous lemercia sans embarras du service que nous lui rendions. 
16. Les Coups que nous sentons lo plus sont ceux que nous ne 
ponvofls (pas) rendre, 17. Quelques grains rendent cent pour 
uh, d'antn» sthxaiite. et d'autres trente, 
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LESSON 32 

Passive and Neuter Verbs 


P ronominal verbs are conjugated interrogatively, in simple 
tenses, by putting the pronoun subject after the verb, 
and in compound tenses after the auxiliary verb. These 
ve*;bs may. like all other verbs, be conjugated interrogatively 
by prefixing esl-ce t/ue without inversion. This form is most 
lonimonly used in the case of tho first person singular of the simple 
tenses: thus, se flatter, to flatter oneself, conjugated interro- 
natively, has indicative present, esl-ce que je me flaite ? nous 
naltons-nous ? Imperfect, est-ce que je me flaitais ? nous flattions- 
nous f In compound tenses the construction is ; past indefinite 
(have I flattered myself ?), me stds-je flaite, or flatUe ? nous 
sommes-notis flattds, or flattees ? etc, 

When conjugating pronominal verbs interrogatively and 
negatively, taking the verb s’apercevoir, to perceive, as an 
example, the construction of the indie, pres, is ; esi-^ que je 
ne m’apeffois pas ? ne nous apercevons noits pas ? and in the 
compound tenses ; past indef., »e me stds-je pas apergu, or 
aperfue ? ne nous sommes-nous pas apergus, or apergues. 

Of thS pronominal verbs that have the second pronoun for 
their direct object, some take the preposition a, others the pre- 
position de, before their indirect object. These prepositions 
are indicated in this list of verbs that occur in the exercise 
which follows it. 


s‘ aider, to help oneself 
s'apercevoir de, to perceive 
s’appeler, to be called 
s'arrHey, to stop 
se bathe, to fight 
sc ddflndre, to defend oneself 
se detfier de, to distrust 
se dd^uiser, to disguise oneself 
se (UvQUer, to devote oneself 
s^ennuyer de, to weaiy of 


s’emparer de, to take possession 
of, to^eize 

se glorifier de, to be proud of 
se mdfier de, to mistrust 
se meitre it, to set about, to begin 
se plaire a, to talce pleasure in 
se raicniir, to slacken 
se Ifouvcr, to find oneself, to 
happen to he 
ic vanter de, to boast of 
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Exercise. 

Translate into French : i. It seems to me that I have 
already seen, that lady. What is her name ? (How does she 
call herself ?) 2. The vanquished (vaincu) have not fought leas 
well tlian the victors (vamqueur) . 3. The enemy (singular) 

have taken possession of the town, after a long siege, during which 
the inhabitants defended themselves as courageously {couragenss- 
ment) as the soldiers. 4. We distrust others too much, and we do 
not mistrust oui selves sufficiently. 5. There are men who are 
prouder (glonfy them.selvcs more) of their defects (le defaut) 
than of their good qualities. 6. " Help thyself, heaven will 
help thee,” .says the proverb. 7. They (f.) perceived their error, 
but it was too late, 8. A writer {ecriuenn) has said that if we 
often boast of not wearying, it is because we are so conceited 
(glmieux) that wo do not wish [voxilons) to consider (find) ourselves 
(d«) bad company {la campagnie) . 9 At what time do you usually 
(ordinammsHt) get up ? We usually get up at half-past seven, 
and we rarely go to bed before half-past eleven. 10. Great 
motives may {peuvent) induce {engager) us to humble {hmilier) 
ourselves, none to demean {avilu) ourselves, ir. The Romans, 
after having taken possession of Gaul {la Gattle), gave it in a short 
tim? their civiliration, 12. It is {vaui) better to expose oneself 
to ingratitude than to leave a wretched (man) {malkeureux) 
without help {secotirs). 13. History teUs us that there have been 
kings who devoted {ddvouer) themselves to death for the safety 
(fe salut) of their people. 14. There is a great deal of diSerence 
between (e«/re) taking pleasure (se plaire) in a (d) work and being 
suited [propre] for (to) it. 15. We are so accustomed (accotUimis) 
to disguise ourselves to others, that in the end {enfin) we disguise 
ourselves to ourselves. 16. It is as easy to deceive {irotnper) 
oneself without perceiving it, as it is difficult to deceive others 
without their (that they) perceiving it. 

Passive Verbs. Verbs in the passive voice, or passive verbs, 
as they are commonly called {verbes passifs], consist of the pa.st 
participle of an active verb added to the verb etre, to be. Thus, 
ainteif, to love ; etrg ame, to bo loved ; j’aime, I love ; p suis 
aimi, I am loved ; La mire a grondi l*enjant, The motlier has 
scolded the child ; L’enjant a dti grondi par sa mire. The child 
has been scolded by IiLs mother. 

fa paMive verbs, the past participle always agrees with the 
jMHm d'Ara fut br-dUe sttr la place pttblique de Romn, 

I 364 ) 



PASSIVE AND NEUTER VERBS 


Joan of Arc was burnt in the public square at Rouen. The 
passive voice presents no difficulty It will suffice ^ give one 
simple tense and one compound tense as models : 

Indicaiive Mood. 

Present 

je sms aims, or ainie'e, I am loved, etc. 

(ii es aim^, or atm^e 
esl mine, elle est amde 
nous sonimes atmes, oi amides 
vous e/es aimi or aimd, aimds or mmdes 
ils sonl fimes, elles son! amides 
Past Indefinilt 

j'ai die aimd, or amide, I have been loved, etc. 

ht as did aimi, or amice 

il a etc aimc, elle a did atmde 

nous avons dtd aimds, or amides 

vous avez eld aimd or aimde, aimds or atmdes 

Us ont dtd aimds, elles ont dtd amides 

The subject o£ a verb in the passive voice can only be that 
which would be the direct object or accusative of the same verb 
in the active voice. The indirect object or dative of the active 
may never be the subject of the passive voice Thus,* the verb 
dire, to tell, requires the indirect object ; /e lui dis, I tell (to)*hini. 

The passive construction is used far less frequently in French 
than it is in English. In the former language it is very commonly 
rendered by an active construction with on as subject, or by 
means of a reflexive verb : It is said that the enemy have taken 
possession of tlie town, On dit que I'ennemi s’ est empard de la ville ; 
That word is not found in the dictionary, Ce mot ne se troupe 
pas dans le dicUonnatre. 

Neuter Verbs. The neuter, or intransitive, verb {verbe neutre 
ou intransitif) is that which can never have a direct object or 
accusative, and which, consequently, has no passive voice. 
Some neuter verbs are conjugated with Strc as their auxiliarv 
in the compound tenses. The more common of these are ; 
alter, to go partir, to go away 

arnver, to andve rester, to remain 

entrer, to enter sorttr, to go out 

mourir, to die tomber, to fall 

nailre, to be born verm, to come, and some of 

its derivatives. 
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LESSON 33 

Impersonal Verbs 

I iEPEKSONAi. or unipersonal verbs {verbs impersannek om 
unipersonnds) arc intransitive verbs used only in the third 
person singular, or in the infinitive and participles. II esi 
is used to form impersonal expressions ; il esi vrai queje suU son 
ami, it is true I am his friend. Avoir, preceded by y, i.s used 
iiuper-sonally, with tlie meaning of “ to be ” : U y a un Died, 
there is a God. Fdire, to niahe, is used impersonally, with the 
meaning of “ to he." in a number of expressions chiefly refeuing 
to the state of the weather : tl fait beau, it is fine ; if fail mauuais 
temps, it is bad weather ; tl fait froid, it is cold. 

The following verbs are always impersonal : 

liJFiNiTiVE, Indicative Present. 

pleiwoir, to rain il phut, it rains 

ne'tger, to snow il tinge, it snows 

grilff, to bail il grile, it hails 

tmfien, to thunder il tonne, it thunders 

geler, to freeze il glle, it freezes 

degder, to thaw il ddgile, it thaws 

bmimr, to drizzle il brtiine, it drizzles 

Denier, to be windy il vente, it is windy 

importer, to matter il importe, it matters 

falloir, to be necessary il faut, it is necessary 

There are a great many verbs which are often used impersonally. 
Of diese, the following occur most frequently : 

Infinitive, Indicative Present, 

setnUer, to seem , il senible, it seems 

pfcnttH, to appear il pwrail, it appeaxs 

Cittivenir, to be suitable il convient, it is suitable 

atrim, to happen i! arrive, it happens 

dagir de, to be the question il s'agil de, the question is 
U irouvet, to 5 ?e found il se imm, it is found 

Tbs Verb Pleuvolr, The principal parts of this verb are: 
pififtmir, plewanl, plu, il pleui, il plul. The following is the 
of con j nation : 
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iNDicAtivE Mood. 


Simple. Tenses. 
il pkitl, it rains 
il phvvait, it was raining 
il pint, it rained 
il plnwra, it will rain 


Compound Tenses 
il a phi, it has rained 
il avail plu, it had rained 
il eul plu, it had rained 
il aura plu, it will have rained 


Conditional. 

il pleuwait, it would rain il aurait pin, it would have rained 
Subjunctive. 

gu'il pteuve qu'il ait plu 

qu'il pint qu’il eM phi 

Uses ot Fallolr, Falloir, to be necessary, is frequently equiva- 
lent to the English verb ” must.” In that case the subject of 
'' must " becomes the subject of the following verb, which requires 
to be in the subjunctive : 11 /aut queje reponde d sa lettve, I must 
answer his letter. The principal parts are : falloir (no pres, 
part.), fallu, il faul, il Jallut. 

When the statement made is general, or when the person on 
whom the obligation falls is bufficiently indicated by the context, 
the second verb may be in the infinitive . tl faut obii7 aux lois, 
we must obey the laws ; mes enfants, iljaui vous cmcher, cbiTdren, 
you must go to bed. 

With the infinitive construction, the person indicated by the 
subjechof ” must ” may be indicated by an indirect object, or 
dative ; il me faut sortir, 1 must go out. 

In the past and future, falloir may be rendered by the suitable 
tenses of ” to have to.” Il faudra nous dipicher, we shall have to 
make haste. When falloir is followed by a noun, it means ” to 
want.” " to require.” In that case, the subject of the English 
verb is e.xpressed by an indirect object, or dative, and is placed 
before falloir, if it be a personal or rejative pronoun, but after 
it if it be a noun ; il me faut d’autres hvres, I require other books ; 
il faut une nouvelle robe a ma soeur, my sister requires a new dress. 

Falloir is u.sed idiomatically in the following expressions : 
(a) S'en falloir de beaucoup, to be far from ; il s'en faut de beatwoup 
qiie la somme y soil, the sum is far from being complete (lit., 
from being there), (6) S’en falloir de peu or peu s'en falloir, 
not to bo far from, to want but little, to be near. Peu s'en fallut 
qu il n’en mourut. he was neat dying of it. (c) Tanl s'en faut, 
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so far ftoin, far from it, by a long way. Tmt s'en faul qu’U 
consente, contraire il fera tout pour I'empicker, he ia so far 
from, consenting, that, on the contrary, he will do everythijig 
to prevent it. 

Ccnnme il faut is used as a qualificative, with the meaning o) 
“ respectable," " gentlemanly," " ladylike ” ; and also as as 
adverbial phrase signifying " suitably," " properly " ; C'est un 
honime toui d fatl comme tl faut, he is quite a gentleman. Ells 
a I’air iris comme il faut, she looks very ladylike. 


iNincaaivt. Mood. 


Simple Tenses 
tl fmt, it is necessary 
il fallait 
il fallut 
il faudra 


Compound Tenses, 
il a fallu, it has been necessary 
il avail fallu 
il cut fallu 
il aura fallu 


il faudraii 


Conditional. 

il aurait fallu 


qu'ti*faille 
qtt'ii faimt 


Subjunctive. 

gu’tl ait fallu 
qu’il eCit fallu 


Exercise. 

Translate into French : i. The earth is wanned [dChauffer] 
by the sun. 2. The egoist {dgotsie) is loved by [de) nobody. 
3. Figures (le cheffre) were invented [inventer) by the Arabs 
[Arabe). 4. The woman was deceived by the serpent (le serpent). 
5, Thunderstorms [un arage) are foreseen (privu) and announced 
by swallows. 6. America (I’Amdnque) was discovered [di- 
emtverk) by Christopher Columbus [Chrislophe Colomh) in 1492. 
y. Printing (iimpnmerie,ri.) was invented by Gutenberg in the 
fifteenth century. 8. The Cape of Good Hope [le cap de Bonne- 
Espiranct) was doubled (doubler) for the first time by the 
P»tugu«e (Porktgats). 9. When did you come back from Paris ? 
10. What day did your friends leave (parlts) for London ? 
Tt. Since the comet (la comite) has (is) appeared (appanie) a 
crowd (la fouk) of people pass the night (d) looking at it, 
)t#. When we arrived at the station (la pare) the train (le train) 
alitsMly started. 13, It seems that the sun turns (towner) 
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around (autmir de) the earth, when, on the coiitrai-y [m contrmre) 
it is certain that it is the latter which turns around the sun. 

14. If it freezes (in) the morning, it ia often fine all day (journde L). 

15. A door must be open (ouverte) or closed, says a French proverb. 

16. I have told you everything. What (of) more do you want ? 

17. 'that is just what I require : thanks (twerci). rS. His friends 

are very respectable people, 19. He was very near being 
killed {(uer). 20. To {pour) speak well, it is necessary to say what 

is required, all that is required, nothing but [rien que) what is 
required, and to say it suitably 

Key to Exercise in Lesson 32. 

I. 11 me scmble que j’ai ddjk vu cette dame. Comment 
s’appelle-t-elle ? 2. Les vaincus ne se sont pas moins bien 

battus que les vainqueurs 3. L’ennemi s’est ernpare de la ville 
apr^s un long si6ge, pendant leqnel les habitants se sont defeudus 
aussi courageusement que les soldats 4. Nous nous ddfions trop 
des autres, et nous ne nous mdfions pas assez de nous-mfeines. 
j. It y a des homines qui se glorifient plus de leurs d^fauts que 
de leurs bonnes qualitds 6. Aidc-toi, le ciel t’aidera, dit le 
proverbe. 7. Elies sont aperques de leur erreur, mais il dtait 
prop tard. 8. Un dcrivain a dit que si nous nous vantons souvent 
de ne point nous ennuyer, c’est parce que nous sommes si glorieux 
que nous ne voulons pas nous trouver de mauvaise compagnie. 
9, A quelle heure vous levez-vous ordinairement ? Nous nous 
levons Ordinairement a sept heures, at nous nous coucbons 
rarement avant onze heures et demie. 10. De grands motifs 
peuvent nous engager k nous humilier, aucuu h nous avilir. 
II. Les Roinains, aprOs s’etre empards de la Gaule, lui donndrent 
en peu de temps leur civilisation. 12. II vaut mieux s'exposer a 
I'ingratitude que de laisser sans secours un malheureux. 13. 
L'histoire nous dit qu'il y a eu des rois que se sont ddvouds k 
la mort pour le salut de leur peuple. 14. H y a bien de la difference 
entro se plaire k un travail et y 6tre propre. 15. Nous sommes si 
accoutumes a nous ddguiser aux auties, qu'enfin nous nous 
dfiguisons k nous-mSmes. 16. II est aussi facile de se tromper 
soi-mcme sans s’en apercevoh, qu’il est difficile de tromper les 
autres sans qu’ils s'en aperqoivent. 
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LESSON 34 

Some Irregular Verbs 

T o knowlecltie the French language can be complete 
without a full acquaintance with the verbs classed as 

^ incgular. Amongst these there are some of which all 
the tenses are formed quite regularly from the principal ports, 
but in which these principal parts themselves present eofne 
peculiarities. As regards these verbs, it will be sufficient to give 
the principal parts, together with the tliree persons singular of 
the pie.sent indicative. No such verbs occur in the lirst con- 
jugation, and the third has only two. 

Second Conjugation, i Assaituu, to assail, assaillant, 
assitilh, fassaille, tu assaiHes, il assaille, j'assaiUis. Similarly 
tressaiUir, to start, shudder. 

2. Bouillik, to boil, bouillanl, bouilU, je bans, in bans, il bout, 
je bointlis. This verb is intransitive, and, consequently, its use 
is practically limited to the third person. “ To boil ” as a teonsi- 
tive verlris faite bouillir, “ to make boil.” 

3. 'CouvKJR, to cover, couwant, convert, je couvre, in couvres, il 
couvre, je couvris. 

4. OtJVRIR, to Open, ouvrant, ouverl, j'ouvre, tu omres, il ouvre, 
j'ouvris. 

5. Oferir, to offer, ojfrani, ojfert, j'offre, tu offres, il offre, 
j'offfis. 

6. SouFFRiR, to .suffer, smtffrant, souffert, je souffre, iu souffres, 
il s&ujjre, je semffris. 

7. UoRMiK, to .sleep, dormant, dormi, dors, m dors, il dort, je 
dormk. 

8. Mentir, to tell a Ire, mentant, menti, je mens, tu melts, il 

mentis. 

q, Par, T ilt, to set out, parlant, path, je pars, tn pars, il part, 
je pturHs. 

to. Srhiir, to feel, to smell, senlctnt, senli, je sens, tu, sens, il 
fe stnlis. Similarly se repenhr, to repent. 

1 1 SehVik, to serve, servant, servi, je sers, tu sers, il seri, je 
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12. SoRTiR, io go out, sortant, sorii, je sors, tu son, il sort, 

soriis. ’ 

13. Fuir, to flee, fuyant, Jui, je fins, iu fids, il fuit, je fuis. 

14. VisTiR, to clothe, vMani, vetu, je vMs, hi vUs, il vet, je v&tis. 
Thtrd Conjugation, i. Pourvoir, to provide, poiirvoyant, 

pmirvu, je pourvois, tu pmtrvois, il pouruoii, je pourvus. 

2. Pricvoir, to foresee, prdvoyant, prevu, je prevois, hi prdvois, 
il pfcvaii, je previs. 


Exercise. 

Tkanslatf Into French : i. Our brigade will attack [as- 
smllir) the enemy in his retrenchments {le retranchement) 
tomorrow morning. 2. A few shots (coups de feu) are fired (go 
oft) ; at tliis noise Napoleon starts. The Russian (de Russia) 
campaign (hi campagne) is opened. 3. Everybody (tout le monde) 
knows (sail) that it was Christopher Columbus who discovered 
America. 4. He never opens his mouth without saying sonic 
foolish thing (la soltise). 5. The noise that was made (se faisait) 
in the meeting (ime assemhUe) covered the voice of the speaker 
(orateur) 6. It is certain that the sea formerly covered a great part 
of the inhabited (habiter) earth. 7. The water would boil more 
quickly If you lighted (alhmer) a good fire. 8. Francis (P'ran^ois) 
I slept on a gun-carriage (tin affut) the night of the battle (la 
lataille) of Marignano (Marignan). 9. We fall asleep (s'endormir) 
every evening whilst he reads (lit) the paper (le jottrnal) io us, 
10. When we were young we used to sleep twelve hours without 
awakening (se riveiller). ii. Isaac having asked his father where 
the victim (la victinie) was which was to be sacrificed (immoler), 
Abraham answered ; " God will provide for (to) it," 12. 

Charles the Bold (Thneyaire) perished (pdrir) before Nancy, 
betrayed (tmhir) by a Neapolitan mercenary (im merednaire 
napolitain) and killed whilst (en) fleeing after the battle by a 
gentleman of Lorraine (gentilhamme hyrrain). 13. Let us flee 
together to the depths (U fond) of the forests ; it is better to 
trust (sefier) to tiger.s than to men. 14. There are people (gens) 
who lie simply for the sake of (pour) lying. 15. Satire (la satire) 
lies about (on) men of letters (gens de lettres) during their life, 
and praise (I dloge) lies after their death. 16. He has been, offered 
a situation (me place) in Paris, but he does not wish (ddsirey) to 
leave (quitter) London, 17. It is useful for (to) the proud (le 
supeihe) to fall, because their fall opens their eyes. 18. We (on) 
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are usually {ordtmxretmnt) less grieved (fdche) when we go away 
than uheti wa see (uait) (otliPra) go away 19 We ought to have 
started for the country ' c-'teiday, but vve shall start tomorrow 
only 20 When you (sing ) tell a lie, docs not your consciGnce 
{la iahuiena) iqiroacti (reprotker) you (with) something, and 
do you not repent imiucdutrly ^ 21 The judge who is faithful 

to lun. duty {le tkvow] feels neither regrets {le regret) nor anger 
(roiirroMi, m ) 22 'fheri are people who seem to think [cfoire) 

that the happiness of serving them is a sufficiently (asses) high 
reward {la r/hampLine) for those who serve them 23 Goout when 
you like {voudre.-’), Init I warn you (averiir) that I shall go out oply 
iiflu joii (shall) have (ho) gone out 24 Is it worth while {la 
peiAf) to live (inii'e) when we (one) siifier ? Yes, foi we always 
hope that we shall not sulfer tomorrow 25 The misfortune 
(li maUwiii] of those people who know all (it) is that they never 
foresee anything. 

Key to Exlrcisii in Lesson 33 

I La terre est dchauff^e par le soleil 2. L’6goiste n’est aimd 
tie pprsonuc 3 Les chiffres ont dt6 mvent^s par les Arabes 4 
L.i fetiinie fut trorapee par le serpent 5 Les orages sont prdvus 
et aanotmeds p ir les hlrondelles. 6. L’Am6rique fut d^couvertp 
par Christoph'’ Colomb en mil quatre cent quatre-vmgt-doure. 7 
L'unpnmene fut inventee pai Gutenberg dans le quiiuiSme siScle. 
8. I,e Cap de Bonne-Esp^rance fut doubW pour la premiere 
fois par les Portugais 9 Quand 6tes-vous revenu do. Pans ? 
10. Quel jour VOS amis sont-ils partis pour Londres ? 11. Depuis 

que Li comdte est apparue une foule de gens passent la nuit k la 
regarder 12 <3i'Et‘'d nous sommes arrives h la gare le train 
dtait dejii parti 13. Il serable que le soled tourne autour de la 
terre, quand, an contraire, li est certain que e'est celle-ci qui 
tottrne autour du soleil 14 STl gSle le matin, il fait souvent 
beau toute la journ^c jry II faiit qu’unc porte soit ouverte on 
iwxaio, dtt un piriveihc Iranyais 16 Je vous ai tout dit Que 
VOU8 faut-il de plus ? ij C’est justement ce qu'd me faut , 
merci. rS.Ses amis sont des),ens trds comma il faut 19 II s’en 
est faliu de bien pen quTl ne ffit tu^ 20 Pour bien parlor, il 
feat dire ce qu'd faut, tout co qu'd faut, rieu que ce qu'd faut, 
et ks dire comme d faut 
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LESSON 35 

Some More Irregular Verbs 

I N this Lesson we continue the in-egular verbs, giving the 
principal parts, together with the three persons singular of 
the present indicative of those verbs occurring mthe fourth 
conjugation of which the tenses are formed regularly from the 
prNlcipal parts, though these themselves are irregular. There 
are twenty-four such verbs in the fourth conjugation m common 
use. 

I, Battre, to beat, battant, battu.jc bats, iu bats, il bat,p hattis. 
The verbs conjugated like baitre are abatlre, to knock down, fell ; 
Si baitre, to fight ; comhatlre, to combat , dSbattre, to debate ; 
St d&aitre, to struggle ; rabattre, to puU down, to lower (the 
price) 

2. CoNCLURE, to Conclude, concluani, conclu, je conclus, tu 
cmclus, il conchit, je conclus 

3, CoNDUiRE, to lead, condmsant, conduit, je condms, iu conduis, 
il conduit, je conduisis Similarly, conslnme, to construJt ; cuwe, 
to cook, bake , msiruire, to instruct , rddmre, to reduce ; ’ and 
Itaduire, to translate 

4 ConnaItre, to know, to be acquainted with, connaissanl, 
connu, connais, tu connais, il connait, }e connus. The " i" of 
the stem retains the circumflex accent wherever it is followed 
by " i.” Similarly, paraUre, to appear, seem ; apparaitre, to 
appear; comparaUre, to appear (before a tribunal, etc.) ; 
disparaUre, to disappear ; reparailre, to reappear ; reconnaUre, 
to recognize 

5. CoNriRE, to piclde, preserve, confisant, confit, je confis, tu 
confis, il confit, je confis. , 

6. CouDRE, to sew, cousani, cousu, je couds, tu couds, tl coud, 

p COitSlS 

7. Croire, to believe, croyant, cru, je crois, tu crois, il croit, 
crus. 

8. CRoirHE, to grow, croissant, crd, je crois, tu crois, il croit, 
p crAf. In this verb there is a circumflex accent not only over 
" i " when it is followed by “ t,” but over " i “ and " m ” in all 
the forms that would otherwise be identical with those of cr&ire, 
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g. ficRiRE, to write, dcrivant, ^crit, j’dcris, tu icvis, il doHt, 
j’ecrivis. vSimilarly, decrire, to describe ; inscrire, to inscribe ' 
pyoscrire, to proscribe ; souscrire, to subscribe ; and iyanscrire 
to transcribe. 

10. JoiNDRE, to join, joignant, joint, je joins, tu joins, il joint 
je joignis. All verbs ending in aindre, eindre, or oindre, are con- 
jugated like this ; oonlraindyo, to constrain ; ceindre, to gird ; 
feindre, to feign ; atkindre, to reach ; ieindre, to dye ; enfreindre, 
to infringe ; peindye, to paint ; rejoindre, overtake ; oindre, to 
anoint ; and the reflexive verb se plamdre, to complain. 

11. Lire, to road, lisomt, ht,je Ms, in lis, il Kt,je lus. „ 

12. Meitre, to put, put on, metiant, mis, je mets, tu mek, 
il met, je mis, and derivatives. Amongst them are : admetire, 
to admit ; oonmettre, to commit ; compromeiire, to compromise ; 
omeliye, to omit; permeitre, to allow; promeUre, to promise; 
somietire, to submit. 

13. Moudre, to grind, moulant, moulu, je mouds, iu ntouds, 
il moud, je ntoultis. 

14. NaIire, to be born, naissanl, nd, je ncUs, iu nais, il naU, 
je fiaquis, compounded with Ure. 

15. Nuire, to injure, nuisant, nui, je nuis, iu nuis, il miit, 
(Je nmsir^. Similarly, luire, to shine ; neither of these verbs has 
past^definite. 

16. PcAiRE, to please, plaisant, plu, je plais, tu piais, il plait 
(with circumflex accent), je plus. Similarly, complaire, to gratify ; 
Aiplaire, to displease ; se plaire d, to delight in ; iaire, to iconceal, 
hush up ; and se latre, to be silent. 

17. Prendre, to take, prenanl, pris, je prends, tu prends, 
il prend, nous prenons, Us prenneni, je pris. This verb doubles 
the “ n” before the endings e, es, ent. Similarly apprendye, 
to learn ; comprendre, to understand ; entreprendre, to undertake ; 
surpre-ndre, to surprise. 

18. EepaItre, to feed, to feast, is derived from paltfe, to graze ; 
i'epaissani, repn, je repais^ iu repais, il tepaU, je repus. This verb 
is also used reflexively ; se vepattre, and chiefly figuratively. 

ip. KflsoUDRE, to resolve, solve, resolmnt, ydsoht, je rdsoits, 
iu rdsoits, il rdsout, je rdsolus. This verb also means to dissolve 
from one substance to another, and tlien has rdsous, rdsoute, for 
its past participle. Absoudye, to absolve, and dissaudre, to dis- 
solve, are conjugated in the same way ; but their respective past 
jparticiples are aPsous, xxi. absouie, f., and dissous m., dissmte, i, 
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Absolu and dissolu are adjectives meaning absolute and dissolute, 

20. TURK, to laugli. riant, ri. je ris, i-u ris, il rii, je ris.^ Sourire, 
to smile, follows the same conjugation. 

21. SuKFiRE, to suffice, suffisant, suffi, je suffis, iu suffis, il suffit, 

je suffis. _ ^ . 

22. SuivRE, to follow, suivant, suivi, je suis, tu suis, il suit, 

je siiiiiis. 

23. Vaiwcre, to overcome, vainguant, vaincu, je vaincs, tu 
vaincs, il vainc, je vainquis. Similarly, convainore, to convince. 

24. VivitK, to live, vivanl, ve’cu, je vis, iu vis, il vit, je vScus. 
Similarly, revivre, to revive, and survivre, to survive. 

Exercise. 

Trakslatis into French : i. When the ancients besieged 
{assidger) a town they battered (beat) the walls with (fi coups de) 
ram{s) (le bdlisr). 2. One is never beaten without being struck 
{frapper) ; but one may {peut) be struck without being beaten. 
3. The muleteer {muletier) who served us as {de) guide, beat his 
mules in a frightful (epouvantable) way (lafapon). 4. We have 
concluded nothing, but that is not my fault. 5. He is an author 
whose works [ouvrage, m.) have been translated into all languages 
{la langue). 6. According to a distinguished writer {dcrivain), if 
you ahvays translate, you will never be translated ; and* yet 
{cependant) another writer, just {tout) as distinguished, has said 
that if you wish {voulez) to be translated (that one translate, 
Siibj.) sgme («») day, you must yourself begin by translating. 
7. I have seen him only once, but I should know him amongst (a) 
thousand. 8. That young girl sews, sings, reads ; that is all 
she needs to be happy. 9. Who is it that used to say that, 
wherever {partout ob) the lion's skin did not sufiSce, the fox's 
{renard) skin was to be sawn to it — ^that is to say, cunning {la ruse) 
to be joined to strength {la force) ? lo. Thera are people who 
account the rest {le rests) of men as (pour) nothing, and think 
(believe) they are (to be) born only lor themselves, ii. An 
honourable {honnete] man who says yes and no deserves {mdriier] 
to be believed ; bis character {le caraetdre) swears for him. 12. Any 
{tout) author whom one is obliged to read twice to understand 
(entendre) him, writes badly. 13. What is written is written 
means {veut dire) that one can change nothing in (4) what is 
writtdh, 14. It is admitted by all civilized {civUisey) peoples 
that the person of an ambassador is inviolable and sacred; 
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15. You depict {paint) the charms {le charme) of coi>ntry 
(chanipUre) life so well to us that you make us feel inclimsd to 
\doniw-y I’envie de) go (and) live [habtter) in a (om) village. 16, The 
Gauls {Gaulois) used to transmit (the) news [les nowvelles) to each 
other by [en) lighting fires on the heights {la hauteur). 17. The 
days lengthen (grow) from the 21st of December to the 2i^t of 
June , they draw in (decroilre) from the 21st of June to the 21st 
of December. 18, Men are like the flowers which appear and 
disappear with an incredible {incroyabh) rapidity {la rapiditi). 
19. On the nth of November, 1572, a new star appeared suddenly 
{tout cl coup) in the S'ky, where it shone {briller) with {de) the most 
vivid {vif) brilliancy {Mat, m.) ; it disappeared in the montlf of 
May, 1.574, having lasted 16 months. 

Key to Exercise in Lesson 34. 

I. Notre brigade assaiJiira I’ennemi dans ses retrancheroents 
rteinain matin, i. Queiques coups de feu partent ; h ce bruit 
Napoldon tressaille ; la campagne de Russie est ouverte. 3. Tout 
le monde salt quo e'est Chnstophe Colomb qui a ddcouvert 
I'Am^rique. 4. H n'ouvre jamais la bouche sans dire quolque 
sottise. 5. Le bruit qui ae faisait dans Tassemblee couvrS'it la 
voix de„rorateur. 6. II est certain que la mer a autrefois 

plus vite SI vous allumiez un bon feu. 8. Frangois premier 
donnit sur un atfCit la nuit de la bataille de Marignan. 9, Nous 
nous endormons tous les aoira pendant qu'il nous lit le joiimal, 
10. Lorsque nous dtions jeunes nous dormions douze heureS sans 
nous idveiller. ii. Isaac ayant demandd a, son pere ou dtait la 
victime qui devait etre immolde, Abraham rdpondit : " Dioa y 
pourvoixa." 12. Charles le Temeraire perit devant Nancy, 
trahi par un mercenaire napolitain, et tud en fuyant apf^s la 
bataille, par un gentilhomme lorrain. 13. Fuyons ensemhl® au 
fond des forets ; il'vaut mieux se fier aux tigres qu’aux hoiumes. 
14. Ilya des gens qui m&itentsimplement pour mentir. 15. La 
satire ment sur les gens de lettres pendant leur vie. et I'dloge 
ment apres leur mort, 16. On lui a otfert une place a Paris, 
maia il ne ddsire pas quitter Londres. 17. 11 est utile aux 
euperbes de tomber, parce que lour chute leur ouvre les yeux. 
18. On est ordinairement moins fachd quand on part que quand 
on volt partir. 19.. Nous aurions dfi parth pour la camjiagne 
bier, mais nous ne partiroiis que demain. so. Quand tu mens, 
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la conscience ne te reproche-t-elle pas quelque chose, et ne te 
repeiis-tu pas aussit6t ? 21. Le juge qui est fidele a son devoir 

jie sent ni regi'ets ni courroux. 22. II y a dcs gens qui scmblent 
croire que le bonheur de los servir est une assez haute recompense 
pour ceux qui les servent. 23. Sortez quand vous voudrez, mais 
je vous avertis que je ne sortirai qu'aprds que vous serez sortis. 
24, Est-ce la peine de vivre qtiand on soufire ? Oui, car on. 
esip^ro toujours qu'on ne souffrira pas deinain. 25. Le malheur 
de ces gens qui savent tout, c‘est qu’ils ne prevoient jamais rien. 

LESSON 36 

First Conjugation Irregular Verbs 

H erb we give the irregular verbs of the first conjugation 
in which irregularities arise in the tenses as well as in 
the principal parts- In all verbs the endings of the 
imperfect indicative, of the past definite, of the future, of the 
present conditional, and of the imperfect subjunctive, are regular, 
whatever peculiarities there may be in the stem. Consequently, 
only the first person singular of those tenses will be iadicated. 
Except in special cases, the imperative will not be given, as its 
first and second persons are identical with the corresponding 
persons of the present indicative (except that the final 5 is dropped 
from th^ second person singular), and its third persons borrowed 
from the present subjunctive, 

1 . Aller, to go, allant, all 6 . 

Ind. Pres. : vais, tu vas, il va, nous altons, vous allez, ils voni. 
Imperf. ; j'allais. 

Future ; j'irai. 

Past Def. ; j'allai. 

Cond, Pres. ; j'irais. 

Imperative : va, qu'il ailh, allons, allez, qu'ils ailleni. 

Subj. Pres, ; que faille, que iu allies, qu’il aille, que nous alUons, 
que vous allien, qu'ils aillent. 

Imperf, ; que j'aliasse. 

The imperative va takes s when followed by y ; vas-y, go there. 
The efimpound tenses of aller are conjugated with the auxiliary 
itre. 
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A verb of frequent occurrence in a number of idioms, alier is 
used in cejnnexion with another verb in the infinitive, to express a 
proximate future, and then means " to be going to," " to be 
about to," "to he on the point of ” ; js vais vous le donnar, 

I am going to give it to you ; j'allais vous dcrire, I was going to 
write to you. 

Aik)' also means “ to suit,” " to fit." It is frequently used 
instead of se porter, with reference to the state of health : son 
haUt ne lui va pas, his coat does not fit him. ; comment aUez-vmts ? 
Comment vous portes-vous ? How do you do ? 

Alley is used in the following expressions ; oiler se prome^ter, 
to go for a walk ; alley d pied, to walk (go on foot) ; oiler en voiture, 
to drive ; alley d cheval, to ride ; alley en bateau, to go for a sail ; 
y alkr de (impel sonai), to be at stake : ily va de la vie, life is at 
stake. 

The imperative ol alley is used to form interjections ; Va 1 
Ailezl Believe me ; I can tell you ; surely. Allans t Cornel 
Come now 1 Allans done 1 Get away I Nonsense 1 

2 . S'en Aller, to go away, s’en allant, s’en itant alU. 

Ind. Pres. ; m'en vais, lu t'en vas, il s’en va, nous nous en 
aliens, vous vous en allez, Us s'en voni. 

Past Indef. ; je m’en suis alU, iu t'en es alii, il s'en est alii, 
dle^'en est allie, etc. 

All the other tenses are conjugated in this way, by putting 
m'en, t'en, s'en, nous en, vous en, s'en between the subject and 
the verb. r. 

Imperative (positive) ; va-t'en, qu'il s'en aille, allons-nous-en, 
alhz-vous-en, qu'ils s'en aillent. 

Imperative (negative) ; ne t'en va pas, qu'il ne s'en aille pas, 
ne 7iom en allons pas, ne vous en allez pas, qu'ils ne s'en aillent pas. 

The following examples will show the order of the words in 
interrogative and negative forms : 

T'en vas~tu ? Are yo\^ going away ? S’en est-il alii ? Has he 
gone away ? Je ne m'en vais pas, I am not going away ; its ne 
s'en seraient pas alUs, they would not have gone away ; tut vous 
en irei-vous pas ? Will you not go away ? Ne s’en est-elU pas 
allie } Has she not gone away ? 

3, Ehvoyeu, to send, envoyant, envoyi, j'esivoie, j'envoyai. 
The oily Jrregiilar tenses of this verb are the future and the 
conditional. 

Future : j’emierrat. Conditional ; j'envermis, 
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Key to Exercise in Lesson 35. 

I. Quand Ics aiicidns assiegeaient une ville, ils batoient les 
miirs ii coups de holier. 2. On n’est jamais battii sans etre 
Jrappd ; mais on peul 6tre frappe sans fetre battu. 3 . Le muletier 
qui nous servait de guide battait ses mules d’une fayon epou- 
vantable. 4. Nous n’avons rien conclu, mais ce n’est pas ma 
liiute. 5, C’cst un auteur dont les ouvrages ont ete traduits 
dans toutcs les langues. 6. Scion tin ecrivain distingud, si vous 
traduisKz toiijours, on ne vouS traduira jamais, et cependant, un 
autre licrivaiu tout aussi distingue a dit que si vous voulez qu’on 
vcuiS tracluise un jour, vous dcvez commencer par traduire 
vfuis-nienie. 7. Je ne I’ai vu qu’une fois, mais je le coniiaitrais 
futre niille. S. Cette jeune fille coud, chante, lit ; c’est tout 
ce qu’il lui taut etre heurcuse, 9. Qui est-ce qui disait que, 
parlout oil la peau du lion ne suffisait pas, 11 fallait y coudie la 
peau du renard, c’est a dire joindre la ruse a la force ? 10. II y a 

des hoinmes qui ne comptent le reste des homines pour rien, et 
ne croient Stre nes que pour cux-mernes. ii. Un bonn^te 
hommo qui dit oui et non merite d’tee cru ; son caractSre jure 
pour lui, 12, Tout auteur qu’on est obligd de lire deux fois pour 
I'entendre dcrit mal 13 . Ce qui est dcrit est ilcrit veut dire qu'on 
ne peut rion changer a ce qui est dcrit. 14. II est admis fiar tous 
les peuples civi'fises que la personne d'un ambassadeur 'est 
inviolable et sacree. 15. Vous nous peignez si bien les charmes 
de la vie champetre que vous nous donnez I’envie d’aller bahiter 
au villagfe. 16. Les Gaulois se transmettaient les nouvelle^, en 
allumant des feux sur les hauteurs. 17. Les jours croissent du 
vingt et un ddcembre au vingt et un juin ; ils ddcroissent du vLngt 
et un juin au vingt et un ddcembre. 18. Les hornmes ^ont 
comme les fteurs qui paraisseat et disparaissent avec une incroy- 
able rapiditd. 19. Le onze novcmbre mil cinq cent soixaiitC' 
douze, une dtoile nouvelle apparut tout a Coup dans le ciel, oil 
elle briUa du plus vif dclat ; elle disparut^iu mois de mai mil tinq 
cent soixante-quatorze apres avoir durd seize mois. 

Our Course in French is continued in Volume S. 
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LESSON 22 

China and Japan 

C HINA the land of famine, Japan the Britain of the East : 
what a contrast ! China a tenth of Asia, equal in size 
to two-thirds of Europe, set over against Japan, which 
totals a tenth of the area of China and of which the islands are 
rather greater in area than the British Isles. China with a popula- 
tion almost as numerous as that of Europe, with five times as 
many people as Japan, which yet contains as many folk as 
Germany, Holland and Belgium together. 

Physically, Britain is part of Europe, for the continental shelf 
is covered with shallow seas and the British and continental 
shores are accidental to the present sea-level of the North Sea. 
Physically. Japan is severed from China, for the Japanese 
islands are a Pacitic festoon of partly submerged mountain chains 
running parallel to the mountains of the mainland. The Japan 
Sea is deep, and the shore lines are relatively pemianent and lack 
coastal {<ains and neighbouring sea shallows, Britain has always 
beerf mainly attracted towards the North Sea; Japan has 
developed with her back, as it were, to the Sea of Japan. The 
Low Countries' alluvial flats, made from the ofi-scourings of 
inland heights, lie open to Britain ; the corresponding^ alluvial 
flats of China, the lower ends of the valleys of the Hwang Ho and 
the Yangtze, are faced by an end-on Japan, with the Korean 
massif separating the Yellow and Japan Seas. 

Centres of Population. Tokyo, capital of Japan, is much 
the largest city in the Far East ; its population is approximately 
fijt millions. Shanghai, largest city in China (population 3I luil- 
lions), is challenged by C^aka, a Japanese manufacturing centre. 
Pekiiig and Tientsin compare with Nagoya and Kyoto, all with 
populations in the neighbourhood of i-J millions ; then, at the 
I to r million level, Canton and Hankow axe equivalent to Kobe 
and Yokohama ; smaller places than these, with populations 
leas than 300,000, aro fewer in China than in Japan, where 
many towns have become small urban centres since the 
Opening of tWs century, Of these are Sapporo, Kumamoto, 
Fnkttoka ; Taihoku, in Formosa, and Dairen, in the Kwantung 
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jX'nmsula, are each inhabited by about 200,000-300,000 folk. In 
contrast with Europe neither area has many large centres of 
population. 

China is, roughly, a rectangle between 20“ N. and 40° N., 
i,e., the latitudes of Port Sudan and I.stanbul, and between 
100” li. and 120“ E. In the west Arabia and Iraq are lands of 
hardship, naturally useless, tor the scanty population is lelatively 
too numerous for the sterile Unci , in the east China, a moun- 



tainous land, with monsoon rains in summer and prolific vegeta- 
tion, is yet a land of famine ; the most numerous population in 
the world is relatively loo numerous even for a land of great 
natural fertility ; in both cases Man is more numerous than 
Nature warrants, and hardship and famine ensue, with consequent 
poverty and surplus of human toil tor scanty natural return. 

By fea.son of its size and population China rau.st be com- 
pared .statistically with all Europe ; the official figures are largely 
gues.s-Wk, especially since Japan's invasion. Less wheat is 
produced than in the U.S A., and much le.ss than in Russia j the 
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production of rice is estimated to equal that of India — and 
rice has to be imported from Japan ; but the quantity of tea 
grorvii is double that of the world’s second largest producer— 
British India ; the yield of cotton is, roughly, equal to that of 
Egypt, but less than that of India • the tonnage of coal mined 
equals that of India and is less than that of Japan. To the 
modern business world China is important, because it has very 
large coal deposits and the second largest iron deposits in the 
world. Some clay these may be properly developed. China 
is responsible for three-fourths of the world’s production ol 
antimony ; although China produces a sixth of the •world’s i^vi 
silk, fapan produces many times as much 

The world-'widc commerce of western Europe is based upon 
extensive trade within the political boundaries of each country. 
There is no counterpart of such trade in China, where means of 
communication are primitive, where river boats on the great 
navigable rivers are sail-driven or man-propelled or dragged — 
sampans and junks are not comparable with canal barges on 
the Continent or trains throughout the West ; coal may be 
hand-picked from an exposed seam by the side of the track, 
yet transport costs are so high that it is unsalable twenty miles 
away. The villager gluttonously gorges himself when his rice 
crop ds exceptional, though within a radius of twenty miles 
there may be five villages where people are starving, for there is 
no commercial instinct or organization, no public or official 
administratlQU which tempts the villager to dispose of liis.surplus 
harvest in any other manner. In earlier, brighter days the port 
of Shanghai did as much trading as the rest of the Chinese ports, 
and yet the value of the trade ranked with that of CardiS or 
Bordeaux. The commercial uselessness of China is accentuated 
by the resolute development of the West towards synthetic- 
controlled production on a large scale of highly artificial things 
that the trading world demands ; the gap between the Western 
manufacturer and the primitive Chinese purchaser widens rapidly. 

Japan is trying to fill the gap, and to extend territorial influence 
to the mainland. The Japanese Empire includes the peninsula of 
Korea on the continent and the festoon of islands which stretches 
in characteristic fashion from lat. 50° N. across the island of 
Sakhalin (Japanese, Karafuto), through Hokkaido to Honshu, 
the largest island, and Shikoku to Kiushiu, lat. 32° N., and on 
by the Ryukyu string of islets to Formosa (J'apanesD, Taiivan), 
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while Manchukuo is a puppet kingdom. Lying m lower latitudes 
than Britain, Japan ha.s a rainfall which increase.? ivpm north 
to .south with a .summer maximum, winter temperatures of 40° F., 
ns in England, between Shikoku and Kiushiu and 20 degrees o( 
frost in Kainfnto, aununer temperatures of 60° F., as in England, 
in Hokkaido, increasing to tropical temperatures in excess of 
ho° F. in Formosa. 

The iiarnm ne.ss of the i.slands, with their great range in latitude, 
coupled u'ith their pirsition on the western side of one of the 
great noi them ocean ba.sins, gives Japan an unexpected climate 
ui iNSitieraea, The, eeriespoediug stretch c.w the western side of 
the Atlantic Ocean would be from Newfoundland through the 
Bermuda.s to the Bahamas, a tract of ocean traversed by the Gulf 
Stream ; the Japanese Kuro Siwo, a corresponding vrarm ocean 
current, sldrts the eastern shores of the islands from Formosa 
northwards. 

Japan’s Economic Position. The produce o( japan is ot great 
variety ; in the following summary the fraction or number in 
parentheses indicates the proportion between Japan and the 
corresponding are.a in Europe of Germany, Holland and Belgium. 
Japan produces wheat (J), i.e. one-fourth of the European 
quantity. Japan produces barley (^), potatoes (Jji),»rice (a 
fourth of the yield in India), tea (a fourth of the Indian quantity), 
tobacco (4) (a quarter of it in Korea), cattle (I), coal ( ,L)j copper 
(ei), zinc (J^). Japan has a longer total mileage of railway than 
China ; the effective tonnage of Japan’s merchant fleet 
exceeds that of the European counterpart. Japan uses rubber 
(5), raw cotton (i). 


LESSON 23 

Physical Features of Northern Asia 

* 

N orthekn Asia is the major portion of the shore-lands of 
the Arctic basin. Within circle 80° N. there is little 
land and a deep sea basin a couple of miles in depth, 
The Arctic Circle, which is 66^“ N., crosses Europe in Norway, 
cras.ses Greenland, almost separates the Canadian islands from 
the Canadian mainland, crosses the Alaskan Mts. and Bering 
Strait, and encloses the tundra (barren, partially frozen plain) 
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strip of northern Asia, a strip which is 600 miles wide in parts 
and rises very gradually from shallow soas to the lower heights 
of the nctfth of Siberia. Along this coast are the North-West 
and North-East passages, routes now being explored by Soviet 
Kussia. The Asiatic section extends for a third of the wav 
round the world, from 60° E. to 180° E. 

South of the Arctic circle to 45“ N., half-way between pole and 
equator. Asia extends inland, slow-climbing to the Tien Shan, 
with its north-eastern extensions, the Altai, etc. South of these 
first heights are the basins : in the west, the lowland basin of the 
Aral and Caspian Seas, of Turkestan ; in the middle, the elev9,ted 
Tarim basin, which has the " Roof of the World " at its south- 
west corner ; in the east, the Gobi in Mongolia. 

Rivers and Lakes. From Mongolia flow out the Chinese river 
Hwang Ho and the Siberian Amur, to the Pacific Ocean. North 
of the basins are the great rivers Lena, Yenesei, and Ob-Irtish, 
mainly useless to Man from winter frosts and summer floods 
and outlets to an ocean back-water, all exceeding 2,000 miles in 
length. Into the Sea of Aral flow the Amu-Darya (Oxus) and 
the Syr-Darya. Lake Baikal fills a highland trough and out- 
flows to the Yenesei ; it is one of the largest fresh-water lakes in 
the worljd, and is frozen over with thick ice in winter. 

Bfttween Lake Balkash and the European frontier is the 
Kirghiz Steppe, the home of the Kirghiz. Round Tobolsk, on 
the middle Ob, are the Tartars, who extend eastwards through 
Tomsk to Irkutsk and Yakutsk. Between the Oh and the 
Yenesei are the Ostyaks, and between the Yenesei and the Lena 
the Tunguses. Fringing the Arctic are the Samoyeds, the Yakuts 
and the Yukagirs. The.se are the native follra among whom 
Slav immigrants and others have made their homes. 

The whole of northern Asia is frost-gripped at sea-leve.l tempera- 
tures, in January ; northwards the frost is more severe, until the 
zone of maximum cold, with 60 or more degrees of frost in 
January, is readied in ihe lower Lena valley. This is colder 
than corresponding latitudes in Canada. In summer, tempera- 
tures run high for a few weeks, as in Canada ; Labrador’s in- 
clement climate is paralleled by the north-eastern peninsula, 
where the climatic rigour is emphasized by the Stanovoi Mts, ; 
both are at the north-west corner of a great ocean basin. In the 
Hiree inland basins, with their aridity and clear sides, the sufniner 
tdnperatures rival those of Iraq and Arabia. 
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NORTHERN ASIA 


Tibet. South of the basins is Tibet, the highest plateau in 
the world, with its mountain rims to the north, the I^unlun and 
the Altyn Tagh, and to the south, the Himalayas, and an average 
height of 15,000 ft. There throughout the year the actual 
temperatures are usually below freezing point, and this plateau, 
over two miles above sea-level, is a perpetual storehouse of heavy, 
cold dry air in the dead heart of Asia. The basins are mainly 
desert or poor steppe ; north of them is the steppe or pure grass- 
land, nowhere so wide as it is north of the Black Sea. 

Farther north is the mixed woodland and grassland and beyond 
is the coniferous forest, reputed to be as rich in timber as the forests 



SKETCH MAP OF NORTHERN ASIA 


of Canada used to be. On the shore is.the tundra. The Pacific 
coast is harsh , it consists mainly of the Sea of Okhotsk, includes 
the north of Sakhalin and the Gulf of Tartary, and reaches the 
Sea of Japan at Vladivostok, the only port free from ice in 
winter. 

The western basin and the northern slopes contain the Siberian 
Soviet States, for the boundary gives the middle and eastern 
basins to China. The area totals half of Asia, as great an area as 
North America. Here live as many people as in Great Britain, 
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a quarter of the numbers who inhabit North America, one- 
twentieth ®f the population of Asia as a whole. 

Tashkent, the largest town, has 500,000 people and compares 
rvitli Madras. Novosibirsk, Omsk and Vladivostok have each 
over 200,000 inliabitants, and are comparable with Karachi. 
Other places are smaller ; such are Krasnoyarsk, Chita, Blago- 
veshchensk, Kliabarovsk, Samarkand and Irkutsk. 

The main iisefulneas of the area occurs m the west, where 
Exiropean Russia continues eastwards. The statistics are, for 
many and varied reasons, obscure ; but, in general, the Asiatic 
territories produce about a fifth of the corresponding production 
in European Russia. Cereals such as wheat, barley, oats are 
grown. Cotton and cotton seed, flax and linseed are produced. 
Farm animals include horses, cattle, sheep and goats and, 
relatively less frequently, pigs. Butter is produced and exported. 

Trans-Siberian Railway. One of the mam features of interest 
is the trans-Siberian railway, an overland connexion between 
Moscow and the Pacific coast at Vladivostok and Dairen. Like 
its forerunner, the Canadian Pacific Railway, it keeps as far south 
of the Arctic as political and physical exigencies permit, and so 
it runs across the southern edge of the Arctic Basin, througli the 
.steppe aifd the mixed woodland and grassland, where there is 
somo'‘likelihood of local traffic. Great physical difficulties were 
encountered in the section round Lake Baikal, where the rocky 
character of the lake-trough was overcome by many tunnels and 
numerous roofed-in cuttings. The total length is more than 
5,000 miles, and the capital sunk in construction exceeded 
,^85, 000,000. 

Apart from modem, institutions such as the railway, the semi- 
westemized fanns and the municipal organization of the growing 
villages, the area is a land of caravan ti'ansport and fairs, with 
some exploitation of wild and domesticated animals in the form 
of furs and skins — mainl^v of purely local interest as a relic of 
bygone glories. It is believed that the area has been subject to 
a progressive desiccation, and that the basins, at least, once pro- 
vided homes for a more numerous population. Various explorers 
have unearthed evidences of former activity excellently pre- 
served in the dry soil and the dry atmosphere. Tibet is a back- 
water which epitomizes this view of central Asia. Lhassa to 
,thfi Buddhists, like Mecca to the Mahomedans, is the holy of 
hoUes, although it is less acce.ssible than the Arabian city. 
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The Three Americas 

Americas, North, Central and South, together extend 

I from 8o° N. to 70° S.- — 150°, or 10,000 miles. This 
extent includes the South Shetlands and the Graham 
Islands south of Cape Horn. In the north its width is 140°, 
.soiae, 2,000 miles. Along lat. 49“ N., part of which is the boundary 
between the U.S.A. and Canada, the continent is .some 3,000 
miles across, through 70” of longitude, i.e. 5 hourly time zones. 
At the tropic of Cancer, though the wldih in longitude is but 
30°, the width in miles is about 2,000. In reality. North America 
i.s somewhat barrel-ahaped some 3,000 miles north to south — 
New Orleans to Baffin I^Lud. Between Port Arthur and Winnipeg 
is the centre of this mas.s of land. 

Central America is a mainland isthmus which almost disappears 
at Panama and the West Indian Islands. South America, at the 
level of Trinidad, is 15° across, 1,000 miles ; at the equator, 
level with the Amazon mouth, it is twice as wide ; S° farther 
sonth, at the level of Cape San I?oqae, it is tliree times as Mde ; 
there it is 3,000 miles across, as wide as the widest part of North 
America. Thence southward it narrows steadily. From Buenos 
Aires to Trinidad is about 3.000 miles. Cape Horn being more 
than 1,000 miles farther south. 

The continent has shores on three oceans. Along the north 
it forms the rim of the Arctic Basin, which is over a mile deep and 
which has no coastland over a mile high, except in northern 
Greenland. Were the waters of the basin to become 600 ft. 
deeper most of the Canadian islands would disappear, and the 
Arctic waters would lap some of the«sleepers of the Canadian 
Northern Hallway. The whole of this submersible area ia 
practically useless as the home of Man. It has 40 degrees of frost 
ill mid-winter, and the midsummer temperature does not usually 
exceed 50° F. It is the region of the tundra or cold desert, a frozen 
winter waste, and, however explorers and travellers may extol the 
ve.rd|.nt patches that adorn the valleys during the short summer, 
an area which grows with the closest attention potatoes no 
larger than walnnts is not very nseful to many people. It has 
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been suggested that caribou farms to supply Now York with 
caribou st^k and silver fox farms are resources for the tundra, 
but the long winter nights induce hibematian and stagnation. 
There are few people north of 60° N. 

West of the Great Lakes the Height of Land marlcs the true 
edge of the irregular Arctic Basin, and separates it from the great 
flatness across which the Mississippi drainage system wanders 
towards the Mexican Gulf. 

Pacific Coast. The Pacific coast of America has definite 
characteristics. It is backed throughout vritli high ground — at 
its wiriest some 800 miles across — which i.s a mile high and Has 
many patches above two miles above sea-level. This high area, 
the Rockies and the Andes, and their connexions and outliers, 
are scarp-edged to the cast and cut up and diversified to the west. 
Between the rim and the coast are many upland and lowland 
basins, some with internal drainage, as into the Great Salt Lake, 
others with narrow gorges as outlets, all more or less longitudinal, 
running from north to .south along the axis of the heights. Some 
of these valleys have been drowned, as the Gulf of California and 
the Gulf of Ancud ; others lie trough-like between coastal ridge.s 
and the inland heights, as the valle5f3 of California and Chile ; 
some havG almost lost their identity, as the western side is but a 
festoon of islands off the coast. From the shore the Paciftc 
drops quickly, there is practically no continental shelf, and the 
tidal variations are unimportant. Here the valleys outside the 
trade wind belt are fertile, usually with typical winter rains, as 
in California and Chile, and wherever the rainfall suffices, the 
slopes are forest-clad. These coast lands are suited to be the 
homes of fishers, foresters and fruit fanners. Since the heights 
are relatively young folded mountains, they are metaltiferous ; 
gold, copper, petroleum, etc., stimulate growth of population, 
which originally came to these lands by sea, for the connexions 
by trans-continental railways with the more populous east are 
comparatively recent, especially in the south and e.xtrerae north. 

Atlantic Coast. Tlie Atlantic shores are different. The 
continental shelf is wide ; it includes, for example, the Falkland 
Islands. The coastal lowlands are similarly wide, and the con- 
formation. of Delaware and Chesapeake Bays and of Cape Hatteras 
i^espeak gentle slopc.s across vvhich the actual tide level is an 
accident of the slight variations in contour. Florida and Yucatan 
' are Iwth lowland peninsulas. In Mexico the eastern scarp-edge 
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of the Pacific heights reaches the Gulf Coast. The northern 
coast — th^ coast north of tlie equator — of South America on. the 
Atlantic is reached by bifurcating spurs of the Andes with longi- 
tudinal valleys, as far as Trinidad ; then come the Orinoco 
lowland.?, bached by the Guiana highlands. Thence to the 
south-east from the Amazon delta lie the Brazil lowlands. 

The remainder of the coast of Brazil, south of Cape San Roque, 
is defined as an eastern bulge of the continent by the Brazil 
heights ; this downland country rarely reaches a mile in height, 
yet has a wider coastal plain and a wider undersea shelf than 
Peru and Chile. »- 

The Argentine coast at first is low, and, here, a slight change in 
ocean levels would reproduce the Gulf Coast, with the Plate to 
parallel the Mississippi ; south of 40° S. the inland is plateau; 
the coastal sill is narrow above the sea level, but wide below it. 
The Atlantic coasts are accessible from the ocean and lead inland, 
except in the. neighbourhoods of New York and Rio de Janeiro. 
Fishers, foresters, traders, farmers on the small scale prevalent 
in Europe, can here thrive, and the cultivation of the crops — 
cotton, tobacco, coffee — to which these coasts are peculiarly 
suitable, provides an additional incentive to growth in population ; 
here has'^grown the greatest settlement of Europeans overseas, 
The middle of both North and South America is lowland with very 
slight heights of land separating the immense drainage basins — 
Mississippi, Mackenzie, Amazon and Plate. The interior low- 
lands, by their extent, by their north and south range, by their 
nearness to oceanic influence, are cultivable and arable land. 

Of these interior lowlands the ba-sin of the Mississippi is a 
unique world phenomenon. For all practical purposes, the basin 
is flat ; nowhere el.se does flat land extend so far in all directions. 
Across it sweep the winds, sometimes with tornado strength. 
Across it, in the main from east to west, run human traffic lines, 
rail and road and air-route. On it has developed the greatest 
world example of mechanized fanning, with the result that the 
requirements of the farmers of this area tend to dominate the 
labours and limit the outlook of the white man everywhere in the 
wdrld. On it lias grown the world's greatest belt of raw cotton. 

CUrnate o{ the Continent. Climatically, America should show 
the climatic regions in pairs ; there is only one equatorial hot wet 
area, the Amazons ; there is only one tundra, along the Arctic ; 
the deserts pair, the Atacama in the south and the semi-arid 
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Arizona, etc., in the north ; the Mediterranean regions pair in 
central Chile and in California, the inland summer r^n regions 
pair in the middle lowlands, though the transition from the hot 
winters of the Gulf States to the frost-bitten winters of Alberta 
is not so definite in the south, where the tapering land mean.s more 
definite sea modification of winter’s rigours. In relatively 
similar latitudes to Britain are Newfoundland and Vancouver 
in the north and the Falklands in the south, but none of these 
insular areas has the amenities of the British climate, due to 
Britain’s unique combination of westerly winds, westerly ocean 
drift, s, the wide continental shelf and the shallow seas ; none is 
so .suited to be the home of a progressive population. 

The tropical forest of hardwoods is of relatively little value, 
for the wood is not salable on the grand scale and the rubber has 
been superseded. The coniferous and deciduous forests are 
being depicted, and a dearth of soft woods of American origin is 
not merely threatened, but is certain, for there is little or no 
afforestation or fore.st conseiwation. The pampas, the warm 
summer-rain grassland of the south, yields cattle, sheep and 
wheat, and is one of the great producers of meat, wool and 
cereals of the southern hemisphere. The corresponding warm 
summer-rain grasslands of the north in the lower I^issiMippi 
basin contain the cotton, tobacco and niaize belts, which extend 
as the wheat belt until they reach the prairie, where the grass 
land is frozen in winter. 

Minerals occur haphazard. In the Appalachian system behind 
the Atlantic coast in the II.S.A. is one of the greatest coal deposits 
in the world, and associated therewith is the highly mineralized 
area near the Great Lakes, where iron ore is steam-.shoveUed in 
quarries, and where, for example, the bulk of the world's nickel 
is mined. Copper, silver and gold occur in the western heights. 

The bulk of the people are of immediate or ultimate European 
origin ; the south is sometimes referred to as Latin America. 
In the north, especially in the U.S.A., the world is witnessing a 
vast attempt to absorb a heretogeneous mass of folk and to weld 
them into one union, for the States have had theii" negroes from 
slave-trading days, they have had Teutons for centuries, and, more 
recently, they have received Slavs and others from central 
Europe. The process of amalgamation proceeds slowly, and the 
influx ot alien people is temporarily in check and under control. 
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British America’s Marginal Belt 

T he boundary line between Canada and the United States 
begins on the Pacific Coast at 49° N., passes through four 
of the Great Lakes and south of the St. Lawrence, and 
swings south to the Bay of Fundy. North of this line to the 
rim of the Arctic Basin is Canada, with the exception of Alaska 
on the we.st, which is United States territory, Labrador and 
Newfoundland on the east, and Danish Greenland ; Newfound- 
land and labrador, although British, are not part of the Canadian 
Dominion Only the narrow belt fringing the boundary is of real 
importance, and then only as a marginal land. 

Physically, the land rises towards the south, and with the 
exception of the St. Lawrence on the east, a rocky flume from the 
Great Lakes to the Atlantic Ocean, and t-he rivers of the British 
Columbian slopes on the west, the drainage is Arctic ; from 
Winnipeg to the Alaskan edge near the month of the Mackenzie 
is the line of the lake system : Winnipeg, Great Slave Lake, Great 
Bear‘‘Lake, and the connecting rivers. From this line the land 
rises in teiTaces to the Rockies. 

Naturally, there is tundra vegetation in the north, with 
temperate forest over most of the rest of the country ^towards 
the narrow' marginal strip, where mixed woodland, grassland and 
cultivation merge on the frontier in the middle of the continent 
into the prairie, the great American rolling grassland subject to 
summer rains and winter frost. The higher ground of the Rockies 
and British Columbia on the west and of the Maritime Provinces 
on the east is forest-clad, as is also Newfoundland ; Labrador 
Is tundra Ice is a nuisai^ce in Hudson Bay, and in the Greenland 
and Labrador seas. The actual mid-winter temperatures are 
zero or below ; there are over 30 degrees of frost, everywhere 
except along the margin, where the temperature in January is 
still lo degrees of frost at least, and this in the latitudes of 
Southern England. The actual temperatures in July range 
from 40® F. in the north to about 65° F. on the frontier. 

British Columbia is, on the whole, cooler than Britain, and has 
WOSf of its rain, which is in total the maximum for the country, 
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during the cold weather. The Maritime Provinces, Nova Scotia, 
New Brunswick, and Prince Edward Island, are similarlj? cool 
with evenly distributed rainfall ; they are, therefore, marginal 
lands, comparable with the Baltic countries in the matter of 
cultivation. The north is dry, and the southern interior margins 
experience smailish amounts of rain during the hot weather ; 
the line of increasing rainfall in the summer extends from the 
mouth of the Mackenzie, through Winnipeg, into the United 
States, to terminate in Florida. 

Distribution of Population. This physical marginal limitation 
is Inflected in the distribution of the population, which does not 
exceed two persons to the square mile, except along the margin 
and in the Lake Erie-Ontario-St. Lawrence stretch. Most of the 
(.’anadian cities with a population in excess of 100,000 lie in this 
stretch ; Montreal, the commercial capital, has more than a 
million folk, yet fewer than the U.S. Detroit , Toronto, with 
700,000, is comparable with the U.S. Pittsburg ; Hamilton, 
Ottawa, tbe political capital, and Quebec, the French-Canadian 
centre, have each less than 200,000 inhabitants, and are com- 
parable in size with Miami, Duluth, and Albany in the U.S.A. 
On the Pacific coast is Vancouver, with almost 300,000 people, 
yet smaller than the neighbouring Seattle and Portlswid across 
the border, and but half the size of San Francisco. Inland is 
Winnipeg, the " mushroom " queen city of the prairie, a railway 
centre, and a focus for the Canadian grain trade, the third city 
in the Dominion, with some 280,000 people, yet smaller than the 
U.S. Portland. Calgary, also inland, in tlie iee of tbe Rockies, 
the ranching centre, hardly tops the 100.000 mark. 

A total population of some ten million souls is attenuated 
throughout this marginal area, and is in striking contrast with 
the agglomerations of similar numbers of people in Belgium and 
Holland or in Yugoslavia and Rumania, What Canada needs 
most is an appreciable increase in population. 

Politically, Canada is a long east-west strip , on every other 
count it is the northern marginal edge of the core of the North 
American continent. For political reasons Canadian effort is 
directed northward® and north-westwards into areas which are 
still more definitely marginal, where human effort is guaranteed 
a problematic and exiguous return, and where large-area rather 
thar? large-scale production alone can pay. The political 
boundary is really an accidental line across the natural regions. 

( 393 ) 



GEOGRAPHY 25 


On the west, British Columbia has its salmon rivers such as the 
Fraser, its lumbering camps, its orchards, and is the northern 
portion of a natural region which extends south to Waslungton 
and Oregon. The Canadian ranching and wheat areas on the 
prairie reach across the border into the wheat belt of the U.S.A, ; 
the wheat farmer on each side of the frontier is equally dependent 
for his financial success upon the ratio of world supply to woild 
demand for wheat. The mineralieed Canadian area centring on 
Sudbury is marginal to the great mineral area of the Ohio and 
Pennsylvania. The Lakes Peninsula and the neighbouring St. 



Lawrence banks have their fruit orchards and their dairy farms 
in close relation to similar occupations under more favourable 
conditions farther south. , The Maritime Provinces, with their 
orchards, lumbering and small collieries, share with the neigh- 
bouring States in the fisliery of the Grand Banks. 

Quebec and Newfoundland, with their lumbering, wood pulp, 
and paper industries, are not alone and isolated, although 
destructive exploitation in Canada has not yet bared the land of 
Its natural resources, as in more southerly districts. Politically, 
^Sdnada exists to supply the British Isles with primary produce, 
ttober, gram, fruit and fish ; yet, by force of imitation of her 
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neighbour, Canada mannlactures, and her goods are necessarily 
competitive with those of Britain, although the establishment 
in Britain of branches of Canadian factories tends to mask this. 

Urbanization is the sign of the growth in numbers of folk 
engaged in secondary occupations ; clerical and other human 
recording machines, agents, brokers, dealers, and other woricers 
wlio frequently buy and sell stuff they never see ; the inevitable 
hierarchy of officials and .similar hordes multiply and stand 
between the primary producer and his customers. Canada here 
gains as a marginal area, because the proportion of secondary to 
primary workers, all gaining sustenance from crops and mines, 
is smaller on the margin than at the centre ; the primary 
producers should be better off. 

The relative situation between Canada and the States may be 
well seen in a comparison between statements of afiairs in 1900 
and at the present time. In each numerical statement which 
follows, the second, bracketed, figure refers to the U.S.A, ; e.g. 
wheat production in Canada is 7 (i^) times as great; the (ij) 
implies that the U.S.A. production of wheat has been increased 
during the same period times ; Canada now produces about 
two-fifths as much wheat as the United States. 

Barley 7 {5) ; oats i (1) — for the two are roughly aqual and 
are stationary ; potatoes (2) ; tobacco 3 (2) — the Catfhdian 
crop is but half that of Cuba ; wool 2 (1 J) ; horses 2 (1) ; cattle 
i| (ij) ; sheep ij (1) ; pigs ij (ij) ; coal 2 (2) ; iron ore (New- 
foundland 3, U.S.A. 2^) ■ copper 14 (3) ; lead 5 {2^) ; zinc — (6)— 
the Canadian zinc mining, now roughly a seventh .of the yield 
of U.S.A., is a post -War development ; aluminium 8 {4) ; gold 
‘i(^) 1 petrol I (15) ; motor-cars in use 20 (20) , miles of railway 
in use 2 (ij) ; imports by value 6 (4) ; exports 6 (4). 

r.ESSON 26 

People and Produce of ‘the States’ 

O ND of the commonplaces of nineteenth-century studies of 
English life and folk is the picture of the self-made manu- 
facturer of the industrial north, purse-proud, assertive, 
demanding attention to his performance, his views and opinions 
on the ground of his successful garnering of many shekels, Out 
of a nondesciipt, muddled, huddled background he emerges on. 
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to the national stage to achieve importance cmcallv or politically, 
Of late yeafs it is fashionable to aver that such as he suffer from 
an. " inferiority complex,” and behind this label lies the arrogance 
of the superior person. He is and must be different, but difference 
IS not inferiority , he stands for vigour, youth, promise, over 
against the futile stupidity of soul-hardened, age-worn habit 

Among nations his counterpart is the United States It 13 
futile to imagine that the Ameiican nabon suffers from an 
infcnonty tomplex because it " boosts " results, achievements, 
capacities and lesoiirces , because it " bosses " the world’s 
spendings on wheat and meat, on rubber and motor-cars, on paper 
and on footgear Out of aU the Americas, of the whole of the 
New World, the best bit forms the Umted States From the 
Great Lakes to the great Gulf, from the Atlantic to the Pacific, 
within those latitudes where neither excessive heat nor excessive 
cold prohibits human toil , with the vast lowland of the 
Mississippi as the world's greatest stretch of arable land with 
a pair of mountain edges to this lowland, each of which contains 
nch store of ore and with coastlands on the two oceans of which 
Man makes most use — how could the States be other than 
different i-. Without the museums of moiibund uselessnesses in 
the relics of the European feudal system, without the over- 
capitalizabon of mere acres as evidence of wealth, no matter 
how unproductive they be , without the constant contact with 
the lesser breeds outside the Jaw, the coloured races of ^he Old 
World , without an imagined status to live up to — the American 
13 a youth on the world's stage 

His growing yeais have been spent farther and farther from 
the Old World, for the centre of the populabon has gone steadily 
to the west New York, alleged to be the greatest agglomeiation 
of buying power the world has yet seen, is but the nexus of the 
hides between the Middle West and Europe His growth has 
been achieved in relabon to the concept , ' better merely because 
bigger ’ For him. as he spread over untrodden ways, ” bigger ” 
has necessarily meant ' better,' and bigger must be interpreted 
as not only greater in size but larger in number bigger has 
iniphed mass-production, which means the making of much 
wealth by means of an infinitude of small profits Hence he has 
^rpwn to a gospel of work — make things, make more tilings, 
Wklte yet more tlungs, and, having acquired the habit of making, 
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sell the things. Biit to sell has meant selling at the price the 
customer can pay, not selling at the price which the inalcer has 
demandf’d, and selling has become a fetish, an art exalted by its 
practitioners. 

American hustle means production at all costs. Such large- 
scale production has happened because the land has been spacious 
and its resources almost boundless. The wheat belt, the com or 
maize belt, the tobacco belt, the cotton belt, dominate the food 
supplies of the white man. The mines of iron, of copper, of 
coal, created the Ford car, which has taught the world new facts 
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concerning transport. Wide horizons meant individual labour, 
reliance on self ; hence America has taught the world, something 
about farm machinery. Coupled witlj this dominance of self 
has happened the fertility of ingenuity; cotton manufacturing 
is said to have arisen because an emigrant was able to reconstruct 
cotton machinery from memory — ^that is in the past ; today, a 
fishing industry related to the Grand Banks store of food fishes, 
an industry formerly declining from lack of organization, is 
promised prosperity because an inventor has perfected a method 
of freezing fish fillets within containers with such rapidity and 
dieapness that it materially adds to human food resources. 
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Such arc the Umted States, a newcomer inviting the staid Old 
World to slough its antiquities, its habit of malnng war, its 
slavish devotion to futile foimahlies, which seived well even the 
last generation 

Some Production Figures. As a pageant of mere size take the 
compansons fished out of the world s account books between 
the USA and their next competitor a wheat Lota! nearly that 
of Russia and more than twice India or Caiirida , piodiiction 
of barley, twice either Canada or Japan, production of oats, 
nearly that of Russia and twice Germany, maize piodurtmii 
ten times the Argentine production of tobacco, ten times 
Brazil, pioduction of cotfoii three times India , production of 
wool, equal to the Argentine and beaten only by Australia , 
numbeis of horses, half as many again as the Argentine, beaten 
only by Russia , of cattle, as many as Russia, beaten only by 
India, whcie cattle aio exceptional of sheep as many as South 
Africa or Argentine, beaten by Russia and Australia of pigs, 
twnce as many as Germany or Russia , in tons of coal, far more 
than Britain or Germany of iron ore half as much again as 
France, of steel produced, thiee times Germany, of copper 
produced, at least ten times Germany of lead, four times 
Canada , -of zinc, four times Mexico or Australia , of gold, beaten 
only by South Africa and Russia , of silver, three times Canada 
01 Peru, beaten only by Mexico ; of petrol, six times the pro- 
duction of Russia or Venezuela — these arc resources, an un- 
paralleled combination 

Railways may be included in the pageant to represent utilities 
fn actual mileage m use the total comes to ten times the next 
competitors, in mileage compared with population they are beaten 
by the less populous new countneg, such as Australia, but exceed 
by five times Biitaiii and by four times Germany , m mileage 
compared with area they are beaten only by congested countnes 
of Europe such as Belgium Butain Gti many and France Pre 
dominance is also shown" in consumption, for much produce is 
sold within the country . wheat, twice as much as Britain or 
France sugar, three times Britain, four times Geimany , coffee, 
four times France or Germany , cocoa, tluee times Britain , 
tea, second only to Britain , coal, three times Britain , petrol, 
more than ten times Russia or Britain non, double Fiance , 
rubber, five times Rntam . cotton, tlnee times Britain 3 n a 
woi Id dependent on buying and selling, the U S A. stand alone 
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Ortan Centres. Finally comes the distribution of the people. 
The rank of 100,000 inhabitants is attained by oven qo places, 
and we must take a ranking of -250,000, roughly equal to 
Nottingham or Bordeaux, as a standard The U.S.A. contain 
metropolitan New York, which vies with London — an agglomera- 
tion which spills over from Manhattan Island across the ferry 
routes and by under-river tunnels and strains upwards — so great 
is the congestion. The U.S.A. contain, also, Chicago — which 
averages Berlin and Hamburg — ^the lakeside city which stands 
ior wheat and pork , Philadeipiiia, winch equals Vienna, centre 
for' the metallurgical developments of the Alleghaiiies ; Los 
Annele.s. which roughly equals Hamburg, with its neighbouring 
Hollywood famous for the filmic art which mechanizes story- 
tollinf; and literature ; and Detroit, which is bigger than Warsaw, 
and has taught the world the necessity for good roads. 

These cities all exceed a million inhabitants, and such a 
combination of great urban centres is only paralleled in Britain, 
where, on a smaller scale, Loudon, Glasgow, Birmingham, 
Liverpool and Manchester exceed any other group of five cities 
in the world. No.xt in order come the middle group in the 
U.S.A., of which Cliicago is typical ; Cleveland, roughly a 
Birmingham : St. Louis, rouglily a Cologne , Piltsburjf, a greater 
Sheffield ; Buffalo, about the size of Lyons ; MilwauTcce, a 
greater Dortmund . and then, in descending order, Cincinnati, 
Minneapolis, Kansas City, Indianapolis, Louisville, Toledo, 
Cohmilius St. Paul Akron, with Denver to the west, and, at the 
mouth of the great river. New Orleans, which rivals Edinburgh 
or Palermo. On the Pacific are San Francisco, on the Golden 
Gate, a great seaport, an ancient avenue to Japan and China, 
about the size of Genoa , Portland and Seattle, as big as Bristol, 
On the Atlantic, after New York come Boston, about as 
large as Manche.ster or Munich an Irish city, metropolis 
of New England ; Baltimore, a seaport almost as large as 
Liverpool ; W ashington, the Federal capital, slightly more 
populous than Athens : and Jersey City. Newark, Rochester, 
Portland, complete the tale. 

Our Course in Geography is continued in Volume 5. 
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LESSON 14 

Chief Features of the Permian Period 

(See plite 50 

T he Permian is the last of the Palaeozoic periods , its strata 
follow the Carboniferous, and weie originally known as 
the New Red Sandstone, in contradistinction to the Old 
Red Sandstone of the Devonian Period, which irnniediately under' 
lies the Carboniferous Since seveial other lorinations, such'’ as 
rnarls, bieccias, limestones, dolomites and conglomerates, algo 
enter into the composition of this geological penod, the name 
Permian was proposed by Sir Roderick Murchison m 1841 It is 
derived fioin Penn, the old province of east Russia where these 
deposits are found extensively developed 

In Britain there exists a distinct break between the Upper 
Carboniferous and the Penman senes The highest of the 
Carboniferous, that is, the Stephanun facies is not piescnt in 
this country, but where strata corresponding to the StepJiaman 
exist, as in not them France, theCarbornfeious passes conformably 
npwarjjs into the Permun These tiansition deposits are there- 
fore, known generally as Permo Caibomterous and are present, 
togethei with the Permian in southein Euiope, eastern Russia, 
Central Asia, India, Australia, South Afiica and South Anienca 
In these areas they attain gieat extent and thickness 

The Peimian strata in Bntain are composed of a terrestrial 
facies, which constitutes the Lower Penman, and a niarme 
facies, known as Upper Peinnan These are both present in the 
extensive deposits exposed in a long belt which extends from 
North Shields and the Sunderland area in Durham, through the 
centre of Yorkshire, to the border distncts of Derby anj Not- 
tinghamshire In this ar^a the Upper Penman deposits consist 
of red marls, beds of salt and intercalated limestone in thin layers, 
the whole attaining 500 feet in thickness They overlie 3 very 
thick bed of magnesian limestone this reaches a thickness of 
Soo feet in Durham, but is much reduced farther south these 
rocks are exposed, and fossils may be obtained in many areas, 
notably the Doncaster, Brodsworth, Cadeby, Pontefract ^nd 
Tadcaster districts of Yorkshire, the Mansfield and Worksop 
districts of Nottingham, and at Marsden, Ferryhill, Fuhvell m 
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Durliani and the coast north of Hartlepool. Below these rocks 
are the Lower Permian strata, consisting of marl slafe.s beneath 
which are the yellow sands, the whole about 150 feet iii thickness. 

The New Red Sandstones are much in evidence, intercalated 
with marls and breccias, in the Coventry and Kenilwortl) areas of 
■Warwickshire, to the west of Birmingham, in the West Bromwich 
district, and in the northern part of Worcestershire. There are 
several outcrops in Staffordshire, notably the Clent hills, and in 
Sliropshirc, where, in the EnvUle area, the Permian marls, breccias 
and conglomerates reach a thickne.ss of 800 feet. 

Ill Lanca,shire, on the Pennine slopes to the east of Manchester 
and Stockport, the New Red Sandstone attains a thickness of 
1,000 feet, while the marls and limestones reach to another 230 
feet. Farther north, and still to the west of the Pennine ridge, 
the Permian rocks are found in great thickness throughout the 
Vale of the Eden, reaching almost to Carlisle from Kirkby Steplien 
in Westmorland. There the New Red Sandstone reaches 1,500 
feet in thicknes.s, while above this are thin beds of limestone and 
red shale. At St. Bee's Head, at Egremont, and farther' south 
in the Clitheroe area and east of Pre.ston are more small outcrops 
of these strata. The Permian rocks appear in the Lsle of Man and, 
still farther west, in Ireland, at Cultra, near Belfast, and at 
Armagb and in eastern Tyrone as small patche.s which have 
survived denudation. In eastern England the Permian rocks 
have been found from borings to exist in Lincolnshire, where, 
compose"d mainly of magnesian limestone and marl, they were 
reached at a depth of i.ioo feet below the surface and extended 
to a further depth of about 600 feet. There are also deposits of 
PeiTnian rocks, red marls with grey breccias and sandstones, in 
Leicestershire, wliich reach a thickness of about Go feet. 

The Permian deposits are presented in their gr-eatest develop- 
ment in eastern Devon. There the well-kno'wn red earth pro- 
duced by the red marls, soft red sandstones, red conglomerates 
and breccia— intensified in the districts north of Torquay by the 
dark red Watcombe clays — are a most distinguishing feature of the 
products of Permian times. Altogether, these various strata 
attain a thickness of about 2,000 feet, covering a large area 
from Paignton northwards, through Torquay, Teignmouth, 
Dawlish and Exmouth, to Exeter, and thence to Tiverton ; a 
narrow belt extends into Somerset to the Wiveliscombe area. 
From near Budloigh Salterton, in the east, to Crediton and 
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Hatherleigh, in the -west, the county displays the rich red fields, 
red lanes ? nd combes peculiar to these soft Permian strata, 

In Scotland there is a small extension of the Cumbrian facies 
into Annandale, to Dumfries and to the Thornhill area of 
Nifchsdale, where various beds of sandstones, breccias and con- 
glomerates attain a thickness of over i,ooo feet ; elsewhere the 
Permian rocks are not much in evidence, a small ti-aci being near 
Mauchllne in Ayrshire and others in the north, to the east of 
Elgin and near Cuimningstono. 

From this superficial survey we see how extensive were the 
Permian deposits over this country following the low-lying" and 
tropical Carboniferous period. Bearing in mind the terrestrial 
and wind-formed character of the Lower Permian series, it is 
assumed that there was a general uplift of the land, a gradual 
decline of the tropical forests ; coal scams are less frequent, 
and the soft yellow sands, devoid of fossils, came to bo deposited 
over a large area of one-time Carboniferous regions. Thus 
the various strata of the Lower Permian terrestrial facies indicate 
that arid conditions gradually replaced the prolific vegetation 
of what is now soutliern Britain, the North Sea and Germany. 
The German extension of the Permian strata is known as " Dyas.” 

Thp Upper Permian reveals a subsequent submergence of much 
of the above area, when great beds of limestone were deposited in 
a sea which ultimately became land-locked, like the present-day 
Caspian. Desert conditions began to prevail around this 
shrinking sea. The thick bed of limestone has since become 
converted into dolomite or magnesian limestone by the magnesium 
salts dissolved in the saturated waters, which gradually evaporated 
into salt lakes. Fossils were, therefore, not plentiful, as these 
evaporating lakes came to resemble the Dead Sea. Eventually, 
the great beds of rock salt, which are found among the red marls 
and constitute such a valuable economic deposit in Germany, 
were formed, together tvith the extensive beds of anhydrite 
and gyrpsum. Then still more arid conditions occurred ; the 
amphibians, which had once flourished on the sandy and muddy 
shores and left their footprints so plentifully behind them, now 
gave place to lizard-like reptiles, which roamed among the rank 
prairie grasses for their numerous insect prey. Thus what had 
in earlier Permian times been the great Germano-British inland 
sea had now become the great Germano-British desert, an(f, with 
the passing of the life of the period, the Palaeozoic era ended 
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Permian Flora and Fauna. The life of the Permian period 
indicates a great deciine in old forms, which for hundreds of 
millions of years had flourished, and points to the datiin of a new 
age. the Mesozoic or Middle Life era. For instance, the last of the 
trilobif es occur in the Permian of North America ; the last of the 
Orthoceraiidae also, and the Gonmtitidae of the Upper Carboni- 
ferous. Tlie flora of this per iod came to an end in the Permian, 

The older types of fishes left tew descendants. On. the other 
hand, beyond the desert conditions which had supervened in. the 
Germano-British area, there occurred throughout the world in 
Permian times a decided transition. The ammonites took the 
place of the goniatites ; great tree-ferns developed, particularly 
Cauloptsyis and Calliplms ; conifers became prolific, the yew- 
like Walchia flouri.shing in tire drier conditions, together with the 
Ulhttannia. The earliest types of cycads made their appearance 
in Pterophyllum and Plagiozamites. The araucarians, Cordaites 
and Cordioxylon, were in evidence, together with the remarkable 
ginkgo, which still surv{ve.s. Thus we find vegetation beginning 
to approach modern types. 

The Permian fauna exhibits this still more strikingly, for while 
labyrintbodonta flourished in the world-wide waters, together with 
the ganoid fishes such as Platysomus and the oldEr'»molluscs, 
Orthoceras, Nautilus and Cyrtoceras, many of the reptileS were 
taking to the land as their permanent home, and the earliest 
known lizard appeared, the Protcrosaums. Thus was the first 
great advance achieved ; the vertebrates began their never-ending 
war of destruction against the teeming invertebrates, the insect 
life which threatened to denude the world of land vegetation. 
Other singular reptiles were the Cacops, Eryops and the ground- 
lizard [Edaphosaurus) , a creature about six feet in length. The 
Coiylosaums is another much resembling present-day .species. 
These terrestrial creatures were all lizard-like in build with 
straddling legs and powerful head-shields ; some returned to the 
water periodically to lay their eggs and, tadpolc-like. spent the 
earliest part of their existence there, but gradually they appear 
to have abandoned the water for breeding and adapted themselves 
to life in the grassy steppes or forests. These species at the 
close of the long Palaeozoic era (approaching a hundred million 
years ago) are the direct ancestors of the mammals which were 
soon’to make their appearance, together with bird life, in the 
ensuing Mesozoic era, 
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Deserts and Lakes of Triassic England 

(See plate S2i 

T he Triassic period is the first of the three great coropre- 
hensive divisions into which the long Mesozoic eiu, 
estimated to extend over nearly 100.000,000 years, is 
divided. The Mesozoic (middle-life) was a time of transition 
from the Palaeozoic or ancient-life ora to the Caiuozoic or recont- 
life era, and comprises three periods, the Triassic, Jurassic and 
Cretaceous. It was essentially the era of reptiles and amphibians, 
many species attaining enormous dimensions, whereas the 
Cainozoic, which covers the last 8 to 10 million years, is regarded 
as the era of mammals. The Mesozoic era is frequently referred 
to as the Secondary, according to a less satisfactory classification. 
It mu,st be remembered that, while it is necessary for geological 
classification to regard these eras and periods as distinct, there 
were no breaks in geological time, the transition from period to 
period being gradual and continuous. Each period, liowever, is 
represented by a system of rocks or strarii, the system being 
subdivided into diflerent series, each bearing a distinctive name 
and representing a successive epoch. 

The Triassic system of rocks in Britain is divided into the 
Bunter and Keuper series. The former attains a thicKness of 
about 2,200 ft., and is composed of lower mottled sandstone, 
chiefly red. followed by pebble beds overlain by the upper mottled 
sandstone. Above this series is the more extensive Keuper 
series, which attains a maximum thickness of about 3,500 feet 
and is composed of sandstone and breccia at the base — with 
shales, sandstone, red marls, dolomitic limestones and conglomer- 
ate, together with extensive beds of rock salt above The 
name " Trias ” meaning " triple," was given by Von Alberti in 
1834 owing to a threefold series being present in Germany, but 
it will be seen that one series is missing in this country This is 
the Muschelkalk, a marine deposit between the Bunter apd the 
Keuper series, composed of nia.ssive dolomitic limestone attaining 
a thickness of about 1,000 feet, containing abundant fossils of 
crinoids and, in particular, bivalve shells (in German '' mus- 
cheln from which this series gets its name " Muschelkalk," 
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Over the Keuper is a thin transition bed of Rhaetic limestone, 
which is also generally regarded as Triassic. 

In Britain the Triassic beds approach the surface over^the whole 
of Cheshire, over a large area of south and west Lancashire, 
nearly the whole of Nottinghamshire, and parts of Durham and 
Yorkshire, from near Hartlepool and Redcar southward almost 
to Ripon and York. They continue beneath the recent alluvium 
of the Ouse and Trent valleys to Nottinghamshire, where, 
throughout the western half of the county, the Bunter series 
approaches the surface. Nottingham Castle is built on a roclr 
of the Bunter pebble beds Over a large area of the midlands 
from noith Staffordshire, Derbyshire, Leicestershire and Warwick- 
shire to Worcestershire and Gloucestershire, extend the Keuper 
beds of the upper Trias ; but below these are, over much of the 
area, the Bunter beds of the loiver Trias. These latter approach 
the surface without the superimposed Keuper in west Cheshire, 
including Chester, and most of the Wirral, north Shropshire — 
where the Bunter pebble beds are chiefly in evidence — and also 
in the Manchester and Liverpool areas of south Lancashire. 
Northwards the Bunter facies extend to Furness and the Cumber- 
land coastal area to St. Bees, where they attain a thickness of 
about 1,000 feet. Borings in the Isle of Man have also'sevealed 
their presence. 

The Bunter cover a large area of the Vale of Eden, and although 
the Keuper series covers them in the Carlisle district, they extend 
into Scotland to the Dumfries district and form some isolated 
patches in Dumfriesshire and Ayrshire. An area of the Bunter 
bright red sandstone in the Isle of Arran reaches to about i,ooo 
feet in thickness elsewhere it is evident only in Elgin, to the 
west of Lossiemouth. 

Throughout a large area of south-east England the Trias 
formations are known to extend below- the superimposed strata 
of later deposits, borings having revealed the Keuper beds in 
Northamptonshire and Kent In O.xfordshire the Keuper series 
was found about 600 feet below the surface. Over a large area 
of Somerset and east Devon the bright red sandstone of the 
Bunter series may be studied conveniently, particularly along 
die cliff face between Sidmouth and Budleigh Salterton, where 
it presents a thickness of nearly 400 feet, resting upon about 
80 feel; of the Bunter pebble beds. These strata reappear in the 
Cherbourg area of France. 
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The red marls and sandstone of the Keuper may be well 
observed on the cliff-face between Axmonth, Seaton and Sid- 
mouth, where they reach a thicluicss of nearly 1,400 feet, They 
are also present as red breccias and sandstones round the Quaiitock 
lind Malvern hills, along the edge of Bridgwater Bay, east of 
Minehead, in the Bristol area, and in isolated patches across the 
Channel between Cardiff and Porthcawl In Ireland the Keuper 
is chiefly in the Belfast area, along the shores of the lough and 
in the valley of the Lagan, where Biinter is also observed. The 
two are also well presented in the Red Bay area of Cushendall 
and on the east side of Lough Foyle, while small patches acenr 
in Tyrone and Londonderry. 

Formation of Salt Lakes. At the beginning of Triassic times 
the districts mentioned above were mainly desert, resembling 
large areas of present-day central Asia ; this is evidenced by 

the lower red and 



mottled sandstones of 
the Bunter series, which 
are obviously wind- 
blown desert sand. 
These desert condi- 
tions were a continu- 
ation of those of the 
Permian, but in course 
of lime two saline 
lakes were formed {see 
accompanying map). 
The northern lake was 
far the larger and more 
saline ; the southern 
lake covered much of 
the area of the pre- 
vious Permian lake. 
They were fed by rivers 
which brought dorvn 
large quantities of 
rolled pebbles, ted 
sand and detritus, 


TRSASSID BRITAIN. At Ihc coimneiicenient ol the which denosited on the 
Ttussic pstioii a larffe part of Britain was composed , , a 

of desert. Then the land sank and two great salt shores and lake beds 
lakes came into existence, which in turn gave place j., 

to desert conditions once more. inateiiat mat went to 
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form tli0 Bunter pebble beds The lakes subsequently shrank 
and vanished during the millions of years of Bunter times ; 
then the Bunter bright icd and mottled sands of the desert 
covered the pebble beds of the lakes 

Later on, the Keupei epoch began with a general submeigence, 
the sea fiom the south invading for a time a large portion of the 
low-lying dcseit and forming a great land-locked gulf, known 
to us as the Germane British gulf This gulf coveied most of 
Germany, and i esultcd in the deposition of thick beds of limestone, 
known as the Miischelkalk, extending over Heligoland into the 
North Sea The British aica, however, was too elevated for 
the Miischellcalli senes to form Instead, shallows — represented 
by white sands, vanous coloured clays and pebbles— marked a 
shore line which gradually separated a large inland sea from the 
gulf This covered the whole of the midlands, what is now the 
Irish Sea, northern Ireland and the low-lying areas of the west 
3f Scotland a nariow channel extended southwards across 
Devon to northern France The secular rise and fall of the land 
through the millions ol yeais of the Keuper times produced tie 
iistinctive stiata of this senes and the varying shore-line of this 
nland sea A constant acci etion of salt dissolved from the rocks 
ind, permeating the growing bed of marl at the bottom, gradually 
educed the sea to an intensely salt lake, m which thicic beds ol 
salt were deposited Thus the thickest beds of the Keuper senes 
Df red marls were foimed, attaining in Cheshire a thickness of 
j,ooo feeb, with beds of rock-salt as much as roo feet thick , 
ihese also occur m north Yoikshiie and Worcestershire, the salt 
ieposits constituting a most valuable commercial product of 
Jus ancient Tnassic salt-lake In later Keuper times the lake 
sxpanded as the result of a general submergence of the land, 
ind a great land-lockcd sea took its place At this time, then, 
ica covered Germany, the Vosges and also Tirol — ^legions which 
instituted a wide stiait to the great ejeean stretching to the 
.outh-east The Alps and Vosges had not at that period come 
nto existence 

Tnassic Flora and Fauna. The Tnassic floia in the deposits 
)f the salt-basins and desert areas is, of course, scarce, but else- 
where, on mountain slopes, the banks of rivers and in maishy 
egions, there existed sufficient flora to produce beds of shale and 
.oal-selms containing fossil forms , while plants, tree stems and 
leeds were often brought down by floods becoming fossilized in 
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the lacustrine sediments. Conifers, resembling the cypress, were 
most abundant, together -with AlbBrtia, Sc-hizolspis and Bmra, 
The cycads Pierophylhtm, Zamttes, Podozamiies and Oiozamitei 
flourished ; while the equisetiims or horse-tail reeds were plenti- 
ful along river banks and mar.shy tracts. Some ferns flourished, 
such as Anomopteris, Chehpleris, Lacopteris and Coniopteyii. 

The Triassic fauna is of particular interest. The fishes, 
Ar,rodtis, Hybodus, Palaeomscus, Gyrolepis, Pholidophonis, and 
the ancient CByatoUus flourished. Cephalopods were plentiful 
in the Muschelkalk of Germany, including Nautilus and the 
Palaeozoic Orthoceyas, together with the ammonite Cerdliles ; 
but many new genera and species of ammonites appear hi this 
period, as Phylloceras, Pinacoceras and Trachyceras. The cfinoid 
Encftnus UUifoymis was most prolific, together with numerous 
genera of Lamellibranchs. 

It is among the Reptilia that the most surprising development 
occurred Numerous types of giant lizards with mouths re- 
sembling those of turtles had now evolved. Some were tusked, 
like the Dicynodon : the Hyperodapedon and Tderpeton were 
found in the Keuper series, together with bones and teeth of 
labyrinthodons, whose footprints are also plentiful, both in the 
ICeuper and Bunter deposits — indicating that they inhabited the 
shares oi the lakes. The Maslodonsawns and Tvemalosawviw 
also inhabited the sandy lake-shores of the Bimter epoch, but the 
millions of years which intervened between this and the later 
Keuper times saw an enormous development from these early 
types. The first true crocodiles appe:u'. Strange creatures exhi- 
biting close affinities to both amphibians and land reptilee were 
the Theriodonts, two of which are shown in Plate 52 ; from these 
creatures mammals may have descended. Plesiosaurs, reptilea 
which took to an entirely aquatic life and developed fin-like 
paddles instead of legs, made their first appearance ifl late 
Triassic times. Most iipportant of all animal development was 
the appearance of the first mammal. This was a small marsupial 
type of creature, the Microlestes, which is believed to have 
resembled the Omithoyhynchus of Australia, But the Uge of 
great dinosaurs was at hand. The Palaeosaurus, Teraiosntnts 
and 2 'hecodmitosaunis had already appeared, and at least 
70,000,000 years were to pass before mammals were to doinlnate 
the world. 
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Strata and Fauna of the Li&s 

(See plates 52 and 53) 

T hf Jurassir period is named after the Jura mountains 
between Fiance and Switzerland, where its typical 
rocks are exceptionally developed The entire series 
aie well repiescnted in England, wheie they are divided into 
Lowsr Jurassic or I las and Middle Juiassic, which with Upper 
Jurassic constitute Oolite These aie further subdivided, 
according to the type of stiala together with the successive 
epoclis indicated by the species of fossils the I las being divided 
into Uppei Middle and Lower Lias, while the Oolite is divided 
into Upper Middle and Lower Oolite, containing between them 
seien sections These are discussed in our next Lesson 
The name Lias was oiiginally given by qiiaiiymen to the hard 
limestones which w'ere at the base of this senes , subsequently 
It became applied to the whole facies Iheso consist of the 
following beds Upper Lias, clays intercalated with thin beds 
of limestone , Middle Lias, beds of sandy clays, she'les, and 
raarlstone and Lower Lias, white and blue limestones 'altes 
nating with shales and clays 

The Lower Lias stiatd lest conformably upon the Rhaetio 
transitioi beds overlying the Trias They are well displayed 
along the cliffs of the Dorset coast from Lyme Regis to Bndport, 
attaining a thickness of about 500 feet Ihey stietch across 
the width of England in a belt, as far as the Yoikshne coast , 
extending beneath Somerset, appearing at Watchet and m 
quaiiies near Ilminster , pass round the Mendip Hills and across 
the Bristol Channel, where they are well exposed in the cliffs 
between Penarth and Dunraven Castle, The Lower Lias beds 
have been found by boiings m Gloucestershiie, Oxon, and 
Warwickshiie, to be about 450 feet thick , passing beneath east 
Leicestei shire they attain a thickness of 700 feet in Lincolnshire, 
and through central Yorkshire to the coast between Redcai 
and Whitby, where they attain a thickness of ovci 700 feet 
Lower Lias deposits ate present to the west of Cai lisle and over 
a few’ isolated patches along the coast of Antiim In Scotland 
they are found m a few areas of Aigyll, in Mull, and as far north 
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EB Raasay and Broadford in Sicye ; while in Sutherland they 
occur beneath Dunrobin castle. These are but remnants that 
have survived denudation, their presence indicating roughly 
the extent of thi.s northern inlet of the Liassic Sea. 

Middle Lias. The Middle Lias beds consist chiefly of blue 
micaceous clays resting upon sandy clays and overlain by yellow < 
sands, clays and a bed of ferruginous limestone which varies 
in thickness from about a foot in southern England to 150 feet 
in the Cleveland district of Yorkshire (where it is of great economic 
value) and also in the Midlands. The beds of the Middle Lins 
attain a thiclmcss of about 350 feet in Dorset and may be seen to 
advantage in the clifis between Charmouth and Bridport, 
Like the Lower Idas, ^those beds extend beneath Somerset, 
Gloucestershire and other areas, appearing more particularly 
at Glastonbury, Yeovil, Banbury, and the famous escarpment 
of Edge Hill, In these areas the valuable ferruginous lime.stone 
roaches about 25 leet in thickness. In south Lincolnshire, in the 
Grantham area, the Middle Lias attains considerable thickness ; 
and then after thinning out beneath the Humber and Derwent 
area it thickens into the valuable outcrop of north Yorlcshire, 
There the ferruginous deposit of " marlstone ” or ironstone 
reaches*a thicknes.s of 150 feet and its proximity to the thick 
searSs of coal in the adjoining districts ha.s been a great source 
of wealth to this county. Only a small residue of the Middle 
Lias is found farther north — in the Inner Hebrides at Scalpa, 
Raasay, and Mull, where a few beds contain the characteristic 
Lia.ssic fos.sils indicating the epoch. 

The Upper Lias also extends from Dorset to the Yorkshire 
Coast, where it may be easily studied at Whitby in particular. 
The beds are best developed, however, in Northamptonshire 
where, composed mainly of dark clay, they are nearly 160 feet 
thick, and in Yorkshire where, chiefly composed of blue shales 
and alum shales with oyerlying sands, they reach to 330 feet in 
thickness. They are also present in small areas above the Middle 
lias in the Hebrides, attaining a maximum thickness of about 
So feet ; and are in evidence more particularly at Northampton, 
Lincoln, Yeovil, and Ilminster, chiefly in quarries and cuttings 
where numerous fossils are present. 

Secular Rise and Pall These Liassic deposits indicate that 
an extensive sea with low sandy shores, river estuaries and cieltas, 
mud flats and the lilce, took the place of the arid salt-lake area 
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of Tnassic times This -was part of the pioccss known as the 
secular rise and fall of large land aieas relative to the sea level, 
which we see continuing through the long aeons of “’geological 
time down to the present age The lithosphere or loclty crust 
of the earth is lelatively very thin, and continues to be subject 
to this ' bulging heie and sinking there ” over large areas Ages 
ago the lithospliero was thinner, and such movements were doubt- 
less mme pronounced 

Ihe rocks of the Jurassic period are evidence of such a sub- 
sidence wherever they occiii Thus throughout central southern 
and *110 gi eater part of western Europe a general subsidence took 
place, Juiassic deposits of gieat thickness covei large aieas 
both at and below the siiiface, the Lias series alone reaching to a 
thickness of ovei 2,000 feet m south-easi ein France On the 
othei hand, eastern Euiope and the north Baltic regions were 
raised , and these, together with the mountainous areas oi 
Britain and Scandinavia, weie dry land laigcly coveied with a 
rich vegetation and prolific fauna, to judge b)>- the fossil remains 
which weie washed down by floods or otherwise preserved 
Though, then, the Jurassic deposits gencially leprescnt areas 
that were submeiged, they also incidentally contain lelics ot the 
land areas whore, as a rule, no deposit was made and Sf which 
we would otherwise have no record 

Evidence of this tilting of the land is veiy strikingly shown 
in the United States of America During Jurassic times, when 
the western disliicts sank gradually below the Jurassic sea and 
so came to be covered by a thick deposit of sediment and lemains 
of marine organisms, reaching to 6 000 feet in thickness, the 
districts east of the Rockies went through a period of uplift which 
lasted throughout Jurassic times, and consequently we find 
there no appreciable deposits of this vast peiiod — a period which 
may have lasted 20,000,000 years 

In Britain, the Liassic probably covered a thud 01 possibly 
nearly half of the Jurassic period, the submergence that at length 
converted the Keuper depression into an arm of the sea being 
very slow This mlct was not unlilce the present Bay of Fuiidy 
and extended over the Inner Hebiides, the Firth of Clyde and 
most of Ulster Central, northern and southern England, ex- 
cept the Cornish area and the Thames valley, were beneath the 
sea aiid sinking deeper and deeper The Pennines, the Downs, 
the Chilterns, the Purbeck hills did not exist , neither did the 
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volcanic areas of Antrim, Mull, or Skye. The strata of the 
Liassic serie.s. the clays, sand, and marls, are evidence of the 
graclual encroachment of the sea. 

Fossil Renislns. The life of the Liassic age has, therefore, 
been abundantly preserved in fossilized form under very favour- 
able conditions, and is found to be totally different from much 
that e-xisted at the close of the Palaeozoic era. The flora con- 
sisted largely of palm-like cycads, which were so prolific that the 
period is known botanically as the Age of Cycads. Eciuisetuma 
were, .still plentiful. Equisetum arenaemm attaining an immense 
size, The ferns SphenopUns, Lacopleris and many fltheta 
■flourished from Triassic times, as did the Ginkgo or maidenhair 
tree family, Conifers were abundant. 

The fauna of these times was varied, prolific and very remark- 
able, The ammonites had developed into numerous very dis- 
tinctive species characteristic of a particular zone of the Liassic 
deposits : the Lower Liassic characterized by planorbis, buchlandi, 
oxymtus, jamesoni and capneotnus ; the Middle Liassic by 
margaritaius and spuiatus ; the Upper Liassic by serpenUmts. 
communis and jttrsnsis. 

Palaeozoic fishes had almost died out, their place being taken 
by nuinerous species of which Dapedius, Acrodus and Hybcidus 
are m the Lower lias , Lejndotus and Ltplohpis in the UppH. 
The belemnites have become lemarkably abundant, together 
with the lamellibranchs and gasteropods. The brachiopods 
Cadamella and Sptnfenna were characteristic of the Lias, while 
Rhynconella tetrahedra and Terebraiula punctata were prolific. 

Insect life was also abundant, and there appeared the earliest 
flies, Diptera, together with the earliest Inrown ants, Hymenoptera, 

Reptilia made the greatest advance, for while the labyfmtho- 
donts .and anomodonts of earlier ages had disappeared, such 
creatures as the Steneosaurus, a carnivorous crocodile JS fcot 
long, had evolved. Mo'st remarkable were the great fish-lizards, 
the Ichthyosaurus and Plesiosaurus. The ichthyosaurs existed 
in great numbers in the shallow Liassic seas and attained a length 
of a.s much as 30 feet , their bodies resembled whales except that 
the tail fins were upright, like those of fishes. They had acquired 
the mammalian function ol bringing forth their young alive, 
The plesiosaurs were also great sea-reptiles, possessed of„a long 
neck and small head with numerous teeth. They attained a 
length of about 14 feet and had paddles lilce the ichthyosaurs, 
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Characteristics of the Oolitei 

(See plate 


T ''nn: geological fomialions known collectively as Oolite 
(Gr. omi, egg ; lithos, stone ; the grains of calcite in 
tlic limestone characteristic of the formation resemble 
hill'd Joc) represent the second and largest series of rocks of the 
Jurassic period and comprise the Middle and Upper Jurassic 
subdivisions. 

The Oolite is divided into the following series ; 


Upper 


Middle 


Lower 


Piirbeckian. 

Portlandian. 

Kimraeridgian. 

Corallian and Ampthill Clays. 
Oxfordian 

vO^IIo 

JBathonian Or Great Oolite. 
\Bajocian or Inferior Oolite. 


These series extend as an escarpment north and northea.st- 
wards from Dorset to Yorlcshire. Each division has, however, to 
be considered separately here, since the beds possess so much local 
differentiation, being largely composed of various clays inter- 
calated with beds of limestone, sands and sandstone. 

The Lower Oolite deposits extend from Dorset and Wiltshire, 
through Oxfordshire, Northamptonshire and Lincolnshire, to 
the north of Yorkshire. In the south-west they consist chiefly 
of limestones overlying sands, indicating that a shallow sea 
covered this area, but clays deposited farther north bespeak 
estuarine conditions. * 


The Inferior Oolite is also known as Bajocian, from Bayeux 
in France, where it is well developed. It includes the subdivision 
Aalenian. In England it is well presented from Bridport to 
Burton Bradstock, and around the Yeovil, Bath, Sherborne, 
Dundry and Cotswold hills areas. Though the limestone beds 
are thin in the Dorset and Wiltshire areas, being between lo and 
21 feel thick, the beds, with freestones and ragstones, attain a 
thickness of between loo and 250 feet in the Bath area and 
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east of the Cotswolds From the Oxfoidshirc area to Northaiiip. 
tonshire the Inferior Oolite is composed chiefly of sands and iron- 
stone, rea'ching in places to about 6o feet thick In Lincoln- 
shire, the limestones form the famous cliff escarpment as 
much as 150 feet thick It is sandy m places and extends to 
the alternating limestone and estuaiine sandstones and shales 
of north Yorkshiie, which attain a thickness of about 400 feet 
and may be seen well exposed in the Robin Hood’s Bay district 
and the Blea Wyke area. Elsewhere, this formation is only 
present in Skye, Raasay, Eigg, Muck, and a few small patches, 
including Lhe Great Oolite, on the coast of Sutherland and Elgin. 
Its thickness reaches 300 feet in the Jura area and nearly 1,000 
feet in Provence 

Great Oolite Series. The Great Oolite or Bathoman (named 
from Bath, where it is well exposed) extends from Doiset to 
Yorkshire, adjoining and covering much of the Infeiior Oolite, 
Its various strata attain a thickness of about 250 feet 111 Dorset 
and the Bath area, dwindling to about 140 feet in Oxfordshire 
and 100 feet in Lincolnshire. The Great Oolite is very fossili- 
ferous, and may be studied to advantage at Bath, Minchin- 
hampton, Stonesfield, Northampton, Bedford, Lincoln and Gns- 
thorpe rday on the Yorkshire coast 

The Great Oolite includes the Cornbrash, Forest Marble, 
Stonesfield Slate and Fuller’s Earth foimations 

The Cornbrash consists of a very friable earthy limestone 
which covers the Great Oolite to a depth of between' 5 and 40 
feet over its entire area from near Weymouth to the Yorkshire 
coast It is, therefore, very extensive, and is conducive to the 
raising of fine corn crops owing to its friable or trashy texture. 

The Forest Marble derives its name from Wychwood forest, 
where it is extensively quarned. It is nearly a hundred feet 
thick in Dorset and extends from there to the above area and 
into Bucldnghamshire, '’where it thins out and the white marly 
limestone, the so-called " marble,” gives place to a thin belt 
of clay. Thus there is evidence that the shallow sea here became 
an estuary or delta 

The Fuller’s Earth or Fnllonian formation is below the Forest 
Marble, and extends from Dorset to Bath, Stroud and Chelten- 
ham, attaining a thickness of from 7 to 150 feet It does not 
extend farther north than Oxfordshire Fuller's earth consists 
of marly clays with bands of soft limestone ; the more refined 
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varieties of the earth, chiefly found in the Bath area, have a 
considerable commercial value, particularly for fulling cloth. 

The Stonesfield Slate formation, which is at the biise of the 
Great Oolite series, chiefly in Gloucestershire and Oxfordshire, 
is named from Stonesfield, where it has long been quarried. It 
consists of thin flaggy beds of sandy limestones, shales and lami- 
nated micaceous siindstones, attaining a thickness of about 30 
feet in Oxfordshire. These beds are remarkable for the great 
number of fossils they contain, among them remains of the mar- 
supial mammals Phascololherimn and StersognaLfms, land plants 
and insects in profusion, and the reptiles Plesiosaiints, Cetio- 
saunis, Megalosamus, and Teleosaimts. The fishes Hyhodus, 
Ganodus and Ceratodus are also pi'olific, and there is evidence 
of the first bird, Archaeopteryx. 

The Great or Bath Oolite itself is a bed of lime.stone reaching 
to iQo feet thick between Bath and Minchinhampton, and extend- 
ing from this area to Brad ford-on- Avon, Northampton, Bedford, 
and Lincolnshire, where it gradually thins out. It constitutes 
the famous freestone known as Bath-slone, and is much quarried 
in the Bath and Minchinhampton area. This deposit is rich in 
fossils similar to those found in the Stonesfield Slate. 

The Middle Oolite is divided into Oxfordian below and iSorallian 
above, the Oxfordian presenting two formations, the lower Being 
the Callovian and the upper the Oxford Clay, 

The Callovian or Kellaways Rock named from the village of 
Kellaways in Wiltshire, varies in thickness from a few feet 
to 80 feet, and extends from Dorset to Yorkshire, reappearing 
in Skye, It consists of the calcareous sandstone from which it 
gets its name. It is rich in fossils, over 200 species of fish being 
found in it, together with numerous Amnioniies calloviensis. 
Ammonites modiolaris and belemnites. This formation is well 
exposed at Weymouth, various places in Wiltshire and Oxford- 
shire, St. Neots, Hackness in Yorkshire* and Uig in Skye. 

The Oxford Clay above the Callovian consists of stiff blue 
and brown clays with septarian nodules and bituminous shales. 
They vary in thickue.ss from 170 to boo feet, extending from Doraet 
to Scarborough. This formation indicates a muddy deposit, 
estuarine probably, in which Lamellibranchs, Ammonites Jason 
and belemnites were abundant, judging by their fossil remains. 
Piesiolaurs, ichthyosaurs, inegalosaurs, crustaceans and insects 
also flourished. 
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The Corallian indicates the changed conditions of the succeed- 
ing age. This formation lies above the Oxford Clay, and is so 
named because of the masses of reef-building coral existing in 
its shelly limestone beds, which indicate that it was part of a 
vast coral reef and that clear tropical seas existed where it is 
found. This is in Dorset, where it reaches a thickness of about i- 
200 feet, extending northwards through Wiltshire and Oxford- 
shire, There are also valuable beds of ironstone in Wiltshire, 
In Buckinghamshire, Bedfordshire, Huntingdonshire and Lin- 
colnshire the coral limestone is replaced by the Ampthill Clay 
beds, which are evidence of the river delta or estuary <which 
persisted through these Middle Jurassic times. 

A prolific fauna flourished. In the limestone, in addition to 
the coral, sea-urchins and the abundant Ammonites pevavmahis 
and Ammonites plicahlis, were the reptilia mentioned above. 
The rocks with the numerous fo.ssils are well exposed in the cliSa 
south of Weymouth, at Steeple Ashton, Caine, the Abingdon 
area, Oxford, Upware in Cambridgeshire, and at Filey, Malton, 
Scarborough, and the Vale of Pickering, where the bods attain 
a thickness of 400 feet. They also appear at Clyne Hill In 
Sutherland. 

The lowest of the Upper Oolite series is the Klrameridgian, 
which consists of dark grey, shaly clays with occasionally aep- 
tarian nodules and bands of limestone. They attain a thick- 
ness of 1,000 feet at Kimmcridge Bay in Dorset where they 
are well exposed ; this dwindles to about 300 feet iri Wiltshire 
and to less than 100 in Berkshire, Oxfordshire and Bucking- 
hamshire. After passing through Cambridgeshire, they thicken 
in Lincolnshire to 600 feet. In Yorkshire, the series is not much 
exposed, except at Speeton Gap, on the coast, and the Vale ol 
Pickering, 

The strata indicate a muddy and shadow sea or estuary, In 
which Lamellibranchscand Cephalopods were numerous, and 
Corals and echinoderms rare ; while the ichthyosaurus flourished 
in the sea, two species of pterosaurs or pterodactyls in the air, 
and ple.siosaurs, pliosaurs, cetiosaurs, megalosaurs, the giganto- 
saurus and iguanodon roamed the wide tow-lying areas, shallow 
waters, and marshy stretches which covered so much of south- 
east England in those days of at least 50 million years ago, 

Portland and Purbeck Formations, The Portlandian'^ forma- 
tion, named after the Isiemf Portland, where it is well developed, 

( 416 ) 



PERFECTERS OF THE ESSAY. Left, Sir Richard Steele { ir.72-1 729), who 
was born in Dublin, held a commission in the army and in I707 was appuiiitcd 
^'azettcer to tlici Governnu-tU. In J709 he launched “ The Tatler," succeeded 
(1711-1712) by “The Spectator" and by many other yel shorter-lived 
periodicals, kiijlit, Steele’s llfe-loni? friend, Joseph Addison (IO72-17!')) — 
schola- poet, nlaywrij^ht, member of Parliament and Irish Chief Secretary, 
but, a:)ovfl all, collaborator with Steele 011 “The Tutler" and "The 
Spectator." He was buried in Westminster Abbey. English Literature 31 
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SAMUEL JOHNSON (1709-17S4). Uorn HORACE WALPOLE ( 1717 - 97 ). Fourth 

lit Lichfield, the son of a bookseller, he son of Sir Robert Walpole, he was M.P. 

went to London In 1737 and Civvued a lor twenty-six years, b\it his main in. 

precarious Uvellliood with his pen. In icrcsls were literary* lie settled at 

1762 he recelvoit a pension from the Strawberry Hill, Twickenham, in 1747 , and 

{jovernincnt, ami in liis later years ht* was converted liis villa into a world. famous 

recogriizej ai the kine of nngUsh letters. imiscumof funiiruro, pictures and curios. 

PorlrHlt by Si)- fiationnl PortruH l»y hi. Hone, Nnthiinl Porlrnit 

1‘ortrnil (Ittllery (hiUeru 



EDMUND BURKE (1729-97). Bnni in 
Dublin, lie entered Parli.ament as a Wliiji 
in 1765 , and strongly advocated a con- 
ciliatory attitude towards the American 
colonies. The French Revolution con- 
verted him into a reactionary. 

J'orirdit hy Sir 7 , HajinctUls, SnttaVtil 
f'urlrdtl (UiUfiry 



EDWARD GIBBON (1737-94). Born at 
Putney, he travelled and wrote on mis- 
cellaneous literary topics until 1772, 
when he began Ins life-work, the “ His- 
tory of the Decline and Fall'" of the 
Roman Empire,'^ published I77d-'17SJ^- 
Portrait by Henry ^^'nllon, jVn.hnnrtl 
J’orlJ'nir I'iullrri; 
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REPTILE OF THE PERIVIIAN. ’Ihis recoiislruclion shows u t'rouiul ||v.,rd 
(Edaphosaurus), six feet Ioiir with apparently useless spiny prntnticrni'iVts 
aloiiR its backbone. One of tlie earliest types of true reptile, it soon becime 
e.xlinct. GeoLOCV 14 
Ui'rounlniclion afUw Vnee 



GROTESQUE RJVAL OF THE REPTILES, iJurin^- tlw PeriiiKin piiriod tiic 
supreiiutcy ot reptiliis became so pronounced that certain terrestrial amphibjjjpg 
went back to the water aijain, I'riulually extcndinir the length of their larviji lif^ 
In wat|r until they became completely aquatic. In effect they remained ijl 
tadpole stage of their existence. The weird creature that resulted is shown by this 
reconstruction of Metoposaurus (“ luce lizard Geology 14 
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TYP!C/XU THERIODONTS. Kannenieyeria (nhove) jiiiJ CynogiutluKS (“ dog-jaw'’) 
repriisentative of the TUeriocloutia —reptiles that closely resembled both ’aniphibiaw? 
and maiiinials and from which mammals may have descendcil. Geology 15 

Kiinnemiui'vui l■l■collstruct^Olt Ou i'ro/. O. M. S. ll'aison. P.H.H., mnl Vunotniaihus afttr 
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AMMONITES. During the Liassic period amnionites— 
two of which are pictured above — were so varied and 
abundant that they serve to identify the saccesslvc 
strata. Geology 16 
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followed as a consequence of another subsidence of the land. 
Thick beds of limestone and calcareous freestone were laid down 
hi the course of many thousands of years, until layersyapproaching 
300 feet thick were formed. These are well seen in the cliffs 
from Durlstone Head to St. Alban's Head in Dorset ; other 
facies appear at Upwey near Weymouth, at Tisbury in the Vale 
of Wardour, and at Swindon, where the formation has dwindled 
to about 100 feet thick It extends to Oxford, Thame and Ayles- 
bury, but does not appear farther north than Buckinghamsliire, 
though the beds extend a long way south, and reappear at Bou- 
logne in France. The enormous Ammomies giganteus, like a 
cart-wheel, flourished then, and the coral Isaatyaea oblonga, 
together with the tropical marine fauna of late Jurassic times 
already mentioned. This Portland stone is of considerable 
commercial value for building, more particularly the oolitic 
freestone. 

The Purbeckian formation, named from the Isle of Purbeck, 
occupies most of this area and is well exposed. It overlies the 
Portlandian with freshwater limestones followed by layers of 
ancient earth — the so-called " dirt-beds ” — in which the fos- 
silized stems and roots of Jurassic cycads and conifers have 
been found in situ. These beds are overlain by a marftie deposit 
in which oyster and other fossil shells figure largely, such “as may 
be seen exposed at Durlstone Bay near Swanage, where the 
strata are 40a feet thick. It diminishes westward to Worbarrow 
Bay and Lulworth Cove, where it is under zoo feet thick. The 
Purbeckian appears also near Swindon, in the Vale of Wardour, 
and at various localities and cuttings in Oxfordshire and Bucks, 
notably at Thame and Aylesbury. The beds come near the sur- 
face in parts of Sussex and Kent, while actually protruding 
near Battle. The fossil fauna of this formation is largely fresh- 
water and estuai'iue, in which crocodiles and turtles figure 
with numerous fishes and the marsupials Spalafotherium, Plagiau,- 
iax and Tnconodon. Insects were also prolific among the cycads 
and conifers. But this last marine deposit indicates the begin- 
ning of the great subsidence of the land that heralded the follow- 
ing Cretaceous period. The well-known Purbeck marble, com- 
posed mainly of masses of shells of Paludina and found at Swanage, 
marks the end of the long Jurassic period. 

0\ir Course in Geolo^^y is continued in Volume 5. 
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V, LESSON 15 

Important Points about Prepositions 

w "W r E now come to the prepositions and the cases they 
govern, a very important matter in German, As 
* there are different forms for the different cases of 
articles, nouns, adjectives and pronouns, the cases which the 
prepositions govern must be clearly remembered. A good 
way of doing this is to remember an example in which the preposi- 
tion occurs. It is more important to learn durch die Tiir, dmxh das 
Huus (through the door, through the house) than to learn that 
dufch takes the accusative. After all, the former way is the way 
in which Germans learn it, and it ia the more natural and 
vaatisfactoiw way. 

Prepositions governing the Accusative. These are : durch 
(through, by moan.s of), filr (for), gegen (against, towards), ohne 
(without), um (round, about), wider (against ; not to be confused 
with wieder ' again), The preposition sonder (without) is now 
archaic ariU rarely met with in modern German. 

Examples ; dureh die Strasse (through the street) ; dtirck ihn 
(by means of him) ; fiir das Geld (for the money) ; filr sie (for 
her) : gegen den Feind (against the enemy) ; gegen zehn Uhr 
(to-wards ten o'clock) ; ohne das Kind (without the child) ; ohns 
die Uhr (without the clock) ; um die Sladt (round the town) ; 
um sehn Uhr (round about ten o’clock) ; wider das Reeht (against 
the law) ; wider den Strich (against the grain). 

Prepositions which govern the Dative. These are ; aus (out, 
out of), ausser (except, besides), del (near, at), binnen (within), 
entgegen (towards, against), gegeniiber (opposite, towards), 
gemdss (according to), imir (•with) , nach (after, to, according to), 
nebsl (besides, together with), sam(m)t (besides, together with), seit 
(since), von (of, from), zu (to, at). 

Examples : aus den Augen, aus dem Sinn (out of sight, out of 
mind) ; ausser ihni (apart from him) ; ausser dem Lohne (besides 
the reward) ; bei der Ecke (at, near the corner) ; bei der Kirche 
fat, near the church) ; binnen einer Stunde (within one hour) ; 
^iitnen zwei Wochen (within two weeks) ; it should be noted ihal 
ifinnen is only usual with expressions of time ; entgegen der 
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Verabredttng (against the arrangement) ; s-ntgegett der Stadt 
(towards the town) ; gegeniiber dem House or dem House gegeniiber 
(opposite the house) . ihm gegeniiber (towards him^^ with regard 
to him) (note that when used in this second sense it is customary 
to place the preposition after the noun which it qualifies, when 
used in the first sense the preposition can come either before or 
after) ; gemass den Hegcln or den liegeln gemdss (according to the 
rules) ; mit dem Schiffe (with the boat, by boat) , mit der Eisenbahn 
(by railway) , nach dem Hafen (to the harbour) ; nach menner 
Meinung or meiner Meinung nach (according to my opinion) 
(udte that in the second sense it is more usual to place the 
preposition after the noun) ; nebst Bohnen (together with beans) 
(in the sense of " besides ” nebs! is archaic nowadays ; in the 
sense of " together with “ it is mostly found without article) ; 
sfljnl deyi Leiden or sammt den Leuien (together with the people) 
(it should be noted that sani[m)i also is noi used much in the 
sense of " besides ") ; seil meniev Abfahrl (since my departure) ; 
sell einer Siunde (since an hour ago) , von dem Mamie (from, by 
the man) ; der Kbnig von England (the king of England) eu 
jener Zeil (at that time) ; zu der Fran '*■0 the woman), 

Prepositions governing Accuse . Dative. These are ; 
mi (at, on), auf (on, upon), hinter ^.jehind), in (in, flito), neben 
(next to, near), iiber (over, concerning), unter (under, among), 
vor (before), zwischen (between). At this stage only the general 
rule need be remembered ; that these prepositions govern the 
accusative when motion is implied, and the dative when rest, or 
motion in a restricted place, is implied. This rule works well 
with ordinary verbs of motion, but it is frequently difficult to 
apply when verbs are used in a transferred sense or when no 
motion or rest is possible. 

Examples : er siehi an der Tiir (he stands at the door) ; er 
geht an die Tiir (he goes to the door) ; er springt auf dem Schiff 
(he is jumping about on board the boat) ; er spnngi auf das Schiff 
(he jumps on to the boat) . er steht hinler der Tur (he stands 
behind the door) ; er geht kinier die T Hr (he goes behind the door) ; 
erliegt indem Wasser (he is lying intlie water) ; er fdllt in das Wasser 
(he falls into the water) ; der Hund lief neben seinem Herrn (the 
dog was running along next to his master) ; der Hund lief neben 
sei'^en Herrn (the dog ran up to the side of his master) ; der Vogel 
schwebte iiber dem Wasser (the bird hovere^ over the water) ; 
der Vogel flog iiber das Wasser (the bird flew across the water) ; 
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der Mann lag iinter dem Tische (the man lay under the table) ; der 
Mamifiel unter den Tisck (the man fell under the table) ; isr stand 
vor deyn Btldf (he stood before the picture) , er lief nor dsn Richter 
(he ran before (up to) the judge) . sip stand ewischen den bptden 
Mdnnern (she stood between the two men) , sie kef swtschen die 
heiden Manner (she ran between the two men). 

In all these examples students will have noticed that the case 
to be used is quite obvious Frequently we can reproduce the 
sense in Eni’lish In; using ' on (dativcl and " on to ” (accusative) 
or " in " (dative) and " into '* (accusative). For further use of 
these pi epi isitums aee latei Lessons in this Course " 

A complete list of prepositions governing the genitive cannot 
be spven, and it would not be particularly useful if it could. 
Nouna are constantly taking on the functions of a preposition 
followed by the genitive, and it is frequently difficult to decide 
whether one is dealing wilh a preposition or not. (Compare 
the English use of “ by means of,” ” for the sake of,” which could 
be described as prepositions taking the genitive, and ' in addition 
to,” ” in answer to,' as pi epo.si tions taking the dative ) 

Prepositions governing the Genitive. The following are the 
most common : diessett (thi^j^ide of), jenseit (that side of), stait, 
anstait (insmd of), troiz (in spite of), wahmid (during), wegen (on 
account oi). 

Examples . diesssU des Flusses (this side of the river) , jenseii 
der Greme (on the other side of the frontier) ; statt meiner Midler 
{instead of my mother) , troiz des schlechten Welters (in spite of 
the bad weather) , wdhrend der Fenen (during the holidays) ; 
isiegen der grossen Hitze (on account of the great heat) 

Notice that um willen (for the sake of) takes the genitive, and 
that um comes before, imllen after the word qualified : upi des 
lieben Fnedens millen (for the sake of dear peace, i.e. for the sake 
of peace at any price). 


Exercises, 

In order to become familiar as soon as possible with the usage 
of these prepositions, fill in the requisite endings in the following : 

(i) Accusative. Durch d... Siadt, d... Mann, d... Kind, d... 
Zeitung, d,,. Freund, d... Haus (Remember that Stadt and 
Zeitung are feminine, Mann and Freund masculine, Kind and 
^aus neuter). Write out the same examples, using the preposi- 
tions, /t'b, gegen, ohne, urn, under. 
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( 2 ) Dative, ^us d... Garten, d... Belt. d... SchifJ, d... Buck, d.., 
Kiiche, d,... Schule (Garten is masculine, Betl. SrMfJ Buoh are 
neuter, Kiiche and Schule are teminine) Write oii’t the same 
examples using the prepo.sitions mil, von, zu 

( 3 ) Genitive. Wahrend d... schdn... Wetter... fahre ich jede,n 
Sommbend auf d... Land... (during the fine weather I go to the 
country every Saturday) ; wej’en d... nnsic.hey .. Lage hlethen 
wir diesen Sommer in England (on account oi the uncertain 
position we are staying in Jtngland this summer) , Irotz d... hoh ... 
Preise wird inel verkauft (in .spite oi the high price.s much is .soid) ; 
er vSrsprach, um d... Mulier wtUen zuhause zu bletben (he promised 
to stay at home for the sake ot his mother). 

LESSON 16 

The Structure of Sentences 

W E are now larailiai with most ot the forms that German 
words can have, and we have even, occasionally, 
learnt which forms are to he employed in certain cases. 
In this Lesson we arrive at construction — the way wortl.s are put 
together in order to make German sentences It will be con- 
venient if we start out with very simple sentences. 

The simplest form i.s the one-word statement " Feuer ! " 
yelled out will be as readily understood and reacted to as the 
English " Fire I " In such simple statements the question of 
word-order naturally cannot arise Some grammarians would not 
agree that " fire " is a sentence at all, and they would not call 
anything a sentence unle.ss it contained a subject and a predicate ; 
the words “ has broken out ” or " has started " are understood. 

Simple sentences with a subject plus [ircdicate are treated in 
German as in English ; er kommf, he Oimes , ste gehen, they go ; 
das Hems brennl, the house burns ; das Kind schreit, the child 
screams. In the question lorm the German type is simpler, as 
there is no need for a circumlocutorv ohrase . Kommi er ■' Does 
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burning ; rfc-s Kind schreit mchi, the child is not screaming. The 
negative question form in a simple sentence is as follows ; Komml 
ev nicht ? t\s he not coming ? Gehen sie nichl ? Are they not 
going ? Brennt dan Hans nicht ? Is the house not burning ? 
Schreit das Kind mchl ? Is the child not screaming ? 

For practice in construction translate into German ; did he 
go ? he worked ; she did not come ; did not the lather speak ? 
[sprechen, to speak , der Vater, father) ; does the wind blow ? 
[dey Wind, wind : blasen, to blow). 

This simple type of sentence can be readily expanded without 
allering the construction ; for instance, by supplying a qualifjring 
adjective to the noun : Das nene Hans brennt, the new house is 
burning. Brennt das nette Haus ? Is the new house burning ? 
Das mue Haus brennt nicht, the new house is not burning. Brennt 
das neue Haus nicht ? Is the new house not burning ? Das 
kleine Kind schreit, the small child is screaming. Schmt das 
kteine Kind ? Is the small child scx-eamlng ? Das kkine Kind 
schreit nicht, the small child is not screaming. Schreit das kleim 
Kind mcht f Is not the small child screaming ? 

The verb of the sentence can be qualified by an adverb. This 
adverb is placed behind the verb : das kleine Kind schreit laut, 
the small 'tehild screams ioudly. If we turn this sentence into a 
question, the word laut remains at the end of the sentence just 
as it does in English. We merely interchange the position of 
subject and verb, and leave the adverb alone ; Schreit das kleine 
Kind laut ? Does the small child scream loudly ? In a negative 
statement, the position of the adverb is also not affected : das 
kleine Kind schreit wcht laut, the small child does not scream 
loudly. If we turned this negative statement into a question, the 
position of ntchi laut would again not be affected ; Schreit das 
kleine Kind nicht laut P Does not the small child scream loudly ? 
Bhes der siarke Wind nicht laut ? Did not the strong wind blow 
loudly ? Sprach der wuk tide Vater nicht laut ? Did not the 
angry father speak loudly ? 

Another type of sentence has subject, predicate and direct 
object. Here, again, the German order does not difier from the 
English : er las das Bitch, he read the book ; das kleine Kind 
las das gute Buck, the small child read the good book ; der 
wUiende Vater schlug den unarhgen Sohn, the angry father hit the 
naughty son. If we turn such a statement into a question we 
^merely interchange the order of subject and verb and leave the 
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direct object at the end just as we did the adverb : Las das 
hkine Kind das gute Buck ? Did the small child read the «ood 
book ? Schlifg dcr wiUende Vater den umrtigen Sohn^? Did the 
angry father hit the naughty son ? If we negative thfe statement, 
it is most usual to put the negative particle at the end das 
kleine Kind las das gitle Buck mcht, the small child did not read 
the good book. This is the correct order, though very frequently 
one finds : das kleine Kind las mcht das guie Bitch. This last 
statement ought to mean, " the small child did not read the good 
book, but it read something else,” since the mcht when placed in 
tliali^position, ought to give special negative stress to the word 
before which it appears. But in modern German few people 
bother about such niceties. 

When we have subject plus predicate plus direct object plus 
indirect object, the direct object comes before the indirect object ; 
If las das Buck in dem Zimner. he read the book in the room ; 
er gab es ihm, he gave it to him In such sentences, however, the 
adverb would come in the same position as if there were no indirect 
object : er las das Buck laut in dem Zimmer, he read the book 
loudly in the room. If the indirect object is a pronoun, the 
adverb comes last : er gab es ihm widerwtlUg, he gave it to him 
grudgingly. An adverb ol time comes before an indiit'ct object 
or a complement ; er las das Buck gesiern in dem Zimmer, Re read 
the book yesterday in the room. This is perfectly correct, though 
it is more usual to place the expression of time at the beginning 
of the sentence. 

Inversion In Simple Statements. If anything precedes the 
subject and the verb, then the verb comes before the subject. 
This usage also occurs in English, though to a much more limited 
extent, and then it is optional. For instance : "Yes,’’ replied 
the man, ” I am coming.” This inversion is a very important 
matter in German, as it occurs in almost every other sentence. 
Thus the sentence, er las das Buck gesSern in dem Zimmer, would 
usually begin with gestern, and then it would have to run : 
gestsrn las er das Buck in dem Zimmer. The expression which 
is placed at the beginning of the sentence should really be 
emphatic. But as we qualify most of our statements by some 
reference to time, time expressions have lost their emphatic 
nature, and the fact that an expression of time begins the sentence 
doej not nece-ssarily mean that there is any special emphasis on 
the time. If, however, we were to say, in dem Zimmer las er 
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gesteyn das Buck, this would moan that he was reading the book 
yesterday in this room (we should then have to put a stronger 
accent on the deni], or it means that he read it in the room and 
not in the scullery or the garden. Similarly, the sentence, Has 
Bitch las CY geslcy-n hi dent Zimmer, must either stress das, malting 
it demonstrative, or it must mean book as against journal, 
magazine, newspaper. 

Note that in such a sentence tlie po.sition ot the mcht will also 
alter the sense of the sentence : gestern las er mcht das Bitch in 
dem Zinmiev, yesterday he was not reading the book in the room ; 
Mckl gestern las er das Buck in dem Zimmer, it was not yesteVday 
that he was reading the book in the room (but some other time, 
if at all). Similarly, there is a dillerence between the following 
two .statements : in dem Zimmer las ev das Buck gestern mcht, 
and uicht in dem Zimmer las er gestern das Buck. 


LESSON 17 

Position of the Verb 

£sson i6 began with a consideration of the simple direct 
clause. We return to that later on, but in this Lesson 
we deal with the direct clause in which a compound tense 
of a verb is used instead of a simple tense In a direct clause 
which introduces a compound tense, the auxiliary occupies the 
ordinary position of the verb, and the rest of the verb goes to 
the end of the sentence, as in the following examples : 

Er hat ihn gesehen : he has seen him. Er hat ihn gestern 
gesehen : he has seen him yesterday. Er hat ihn gestern mif der 
Sirasse gesehen : he has seen him yesterday on the street. Der 
Mann wird morgen hommen : the man will come tomorrow. 
Der Mann wird morgen mit der Butter komtnen ; the man will 
come tomorrow with the butter. Der Mann wird morgen mil 
der Butter in die SladI komnien : the man will come into the town 
with the butter tomorrow. Sie wird es getan haben ; she will 
have done it. Sie mird es gestern getan haben \ she will have done 
it yesterday. Sie ivird es gestern auf ihrem Wege durch die Stadt 
getan haben ; she will have done it yesterday on her way through 
the town. 
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Inversion does not affect the position of the main verb. It ia 
the auxiliary which changes position with the subject ; the rest 
of ttie sentence is unailected. For instance ; Ge^tern mml sie 
auj ihrem Wege duyeh dte Stadt getan haben. In ^ase ot special 
emphasis it is even possible to transpose the past participle to 
the beginning of the sentence. Er hat de.n Mann gesehen : he 
has seen the man ; Imt when the emphasis is on the seeing, 
gesehen hat ev den Mann he has seen ttic man 

Negation and question make little difference to the order of the 
.sentences Sie wml es mcht geslcrn getan haben Wud sie es 
gestern iitcht getan haben ■■ It should be noted that the different 
position of the mcht in these two sentences is not a very important 
matter ; they might just as well have been the other way round 
for all the diffci ence it makes to most speakers ol modern German : 
Wtrd sie es mcht geslern getan haben ? Thus, whatever may 
happen to the main part of t(ie sentence, the verb at the end 
remains completely unaffected. 

Usage of Separable Verbs. Iti Lesson 14 (Volume 3, page 444) 
we have dealt witli the forms of the so-called separable verbs. 
We now come to the usage. In a principal (direct) clause, the 
separable particle goes to the end of the sentence. Zusehen ; to 
watch. I watched him : Ich sah thin zu. i waiched him 
yesterday ; Ich sah ihm gestem zti. I watched him forking 
yesteiday: Ich sah ihm gestern bet der Arbeit zu. 1 watched him 
working yesterday in the garden : Ich sah thin gestern b&i den 
Arbeit 'in dem Garten zu. We see, then, that the separable 
particle normally comes at the end of a principal clause, what- 
ever may intervene, and however long the intervention may be. 
It is, therefore, essential to read right through a German sentence 
before coming to any conclusion about the meaning. 

Separable verbs are of frequent occurrence, and usually they 
radically alter the meaning of the simple verb. Thus in the 
following sentences : , 

Er schreibt das Diktat von seinem Nachbar tn der Klasse ab ; 
he copies the dictation from Ms neighbour in the class Before 
we get to the little particle ab, we do not know that he is copying 
at all. In English the verbal idea is clear from the moment we 
have heard or read the verb ; in German we must wait until 
the end of the sentence to discover the particle, if any. A few 
mofe examples are ; 

Er fiel vorzwei Wochen in dem Examen duroh [durohf alien, to fail); 
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lie failorl two weeks ago in the examination Ste ftel wegen thnr 
grossen Sihonf’eti in der Gezell 'schafl mif {auffaUen, to attract 
nonce, attention) she was noticed in society on account of her 
great beauty Das Schtff ging auj seiney Rnse nach Sudammka 
in einem grossen Slitrme un'er (untergehen, to sink) on its voyage 
to South America the ship sank in a great storm Die Sonne geht 
~"'um hdlb serhs auJ the sun uses at 5 30 Die Sonne geht um halb 
seeks miter the sun sets at 3 30 (In the last two sentences it 13 
impossible apart perhaps fiom the geueial context, to tell whether 
the bpeakei is referring to the rising or the setting of the sun until 
the particle is known at the end of the sentence ) , 

As explained in Lesson 14, the scpauition only takes place m 
the present and past tenses tn the past participle the prefix 
is again joined with the veib Examples Ihrer grossen Schon- 
heit wegen isi sie m der Gesellschnp aujgejallen Anf seiner Retse 
nach Siidamenka tsl das Scinjf in einem grossen Siurnie unter- 
gegangen Die Sonne ist um halb seeks aufgegangen Um halb 
seeks tsl du Sonne untergegangen 

After the following words inversion is not used . aher (yet, 
however, but), allein (however, but), dock (yet, however), jedoeft 
(yet. however), Oder (or), und (and) Zuerst wollte er mcht konimen, 
aber er ham (loch at first he did not wish to come but he came m 
the end ’’ In this sentence we could substitute allein or dock, 
though dock would he awkward on account of the dock at the end. 
Hande koch, Oder ich schiesse hands up or 1 shoot Br machie 
die Tiir zu, und ich ging weg he closed Uie door and I went away 

Frequently, especially in commercial German, there is inversion 
after und Wir stnd tm Besitze Hires Brief es, und kojfen tinr, 
etc : we are in receipt of your letter, and we hope, etc. This 
Usage IS frowned upon by all German grammarians Aitck 
(also) IS used with different meaning when it causes inversion 
Auch er sag/e he, too, said — or, even he said , but auck sagte er : 
moreover he said o 

When two of these littie words occur together at the beginning 
of a sentence inversion does not take place if they are both used 
as unstressed conjunctions Und auck er sagte and he also said. 
But in the sentence, Und dock sagte er (and yet he said), there is 
inversion, because in such a sentence the dock would be stressed 
more than usual, and would reaUy be an adverb. As soon as 
another word occurs m the beginning together with any hf 
these conjunctions inveision has to take place. Thus we should 
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say : wii, ksm gestern : and he came yesterday ; or una 
gestsrn kam tv Abtr dev Richie) wollte ihfi mcht entlassen 
cut the judge would not lelease him , or ahev ihn wolJf,t dev Riphtev 
ptrhi ^nllassevi (In the second case, the >hn, heing /n an unusual 
position, is, moreover, stressed The implication is that the 
judge was willing to release somebody else, but he would not 
release him.) 

Order of Adverbial Expressions. In many grammars, a rule 
is given that, in German, adverbial expressions are arranged 
in the following order : time, maiinei , place This is an important 
rule, as long as one does not expect it to work in every sentence. 
If we look back to the example, der Mann wird morgen rmi der 
Butter in die Stadl kommen, we see that morgen is the time- 
expression, mii der Butter is the expression of the manner in which 
he is coming, m die Stadt gives the place-reference, so that the 
.sentence satisfies the regulations in the grammars, It would 
be equally correct, however, though no doubt a little unusual, to 
say : der Mann mrd nut der Buttei morgen in die Stadl kommen. 
But much the most usual practice will be to place the idea of 
time first, and invert subject and verb : Morgen wivd der Mann 
tmt der Butter in die Stadt kommen. The position of in die Sradt 
however, is fixed, and the reason why it is fixed we Iliscuss in 
the next Lesson 

Turn the following narrative into the perfect tense : 

Sie schneb mn einen Brief Ich antwortete. Dann traf ich 
sie gestirn auf dei Strasse, und sie erzdhtte mir von dnm Tode ihres 
Onkels. Der Onkel gtng neuheh spazteren. Ohne grosse Vorsicht 
ging er iiber die Hauptslrasse. Etn Auto iiherfuhr ihn und er 
starb She wrote me a letter I answered Then 1 met her 
yesterday in the street, and she told me of the death of her uncle. 
The uncle went for a walk the other day He walked carelessly 
(literally without great care) across the main road A motor- 
car ran him down, and he died. » 

Here is the correct version in the perfect tense ; 

Sie hat mir einen Brief geschrieben. Ich habe geantwortet. 
Dann habe ich sie gestern auf der Strasse getroffen, und sie hat 
mir von deni Tode ihres Onkels erzahlt. Der Onkel ist neulich 
spazieren gegangen. Ohne grosse Vorsicht ist er iiber die Haupt- 
strasse gegangen. Em Auto hat ihn uberjahren . und er ist gestorben 

Our Course in German is continued in Volume 5* 
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LESSON 

Rome’s Rebirth at Constantinople 

(See plate 55) 

C ONSTANTINE THE Gruat IS Commonly regarded as the 
second tounder o£ the Koman Empire. Diocletian has 
the bettei right to the title, because, except in one 
important particular, what Constantine did was the logical 
development of Diocletian’s reconstruction, which had reduced 
Italy to the status of a taxed province and shifted the centre of 
power to the East. Constantine did, indeed, change the method 
of succession, which Diocletian had instituted to meet an 
emergency , but it was Diocletian who chose the passage from 
Asia to Europe, instead of Italy, as the necessary headquarters 
of the world-empire — though Constantine found at Byzantium 
(Constantinople) a bettor site than Niconiedia in Asia Minor, 
it was, too, the permanent bureaucratic system of administration 
which Diocletian created, working automatically, that enabled 
the empire of the Cap,sars — though now Byzantine rather than 
Roman — in spite of disruption, to survive with unbroken con- 
tinuity through many grave crises for eleven and a half centuries 
alter Diocletian's abdication. 

The succession as dictated or ratified by Diocletian belBre his 
abdication was accepted but very soon broke down. The half- 
barbarian Galerius had no personal ascendancy. He and 
Constantius automatically became August!, but the latter died 
next year, and his son Constantine notified Galerins that he had 
been obliged to accept Ins army’s nomination as his father’s 
successor. Galeriu.s could only ratify his accession as junior 
Caesar, while he nominated the western Caesar, Flaviu.s Severus, 
to be western Augustus. But the Roman Senate, by way of 
reviving its vanished authority, proclaimed Maxentius, the son 
of Maximian, instead. Maximian came out of his reluctant 
retirement to support his son’s claims. Flavius was captured and 
put to death. Maximian claimed for himself the title he had 
resigned Galerius attempted an invasion of Italy, to enforce 
the supremacy of hi.s own authority, but thought better of it, 
retired, and nominated an old comrade in arms, Dicinius, as 
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second Augustus. Maxentius and his father quarrelled, and 
Maximian had to take refuge in Britain, where he efiected a 
somewhat non-committal alliance with Con.stantine, who was 
biding his time, but accepted from liim the title Af Aiigusttis. 
In III both Gakirius and Maximian died. Maxentiu.'! prepared 
to attack Constantine, who anticipated his blow, swooped upon 
Italy arid slew him at the battle of the Milvnan Bridge (312). 
It is affirmed on the authority of Constantine himself that while 
on the march iie had seen displayed in the heavens the vision 
of the banner of the Cross with the words " Hoc Signo Vinces " 
(by 'this banner thou shalt conquer). 

He was now sole Augustus in the west, and from tlie imperial 
headquarters at Milan he issued the famous decree which made 
Chn.stianity an officially authorized religion (313). Lic.inms, 
who had made no move, published it in the east also. The 
inevitable conflict between him and Constantine was postponed 
for nine years, when Licinius made the permission or suppression 
of Christianity the issue. In 323 Licinius was decisively beaten 
and died by his own nand. Con.stantine was the sole and 
undisputed master of the Roman world. 

Reign of Constantine. Constantine reigned alone lor nearly 
fourteen years, dying in 337. In the system of 'Diocletian 
he substituted for the two August! and two Caesars, foTir civil 
prefects holding no military powers, and four pairs of military 
chiefs, masters of foot and of horse respectively, all being the 
emperot’s officers directly respon.sible to him and to no one else ; 
while he designated his sons (of whom at the time of his death the 
eldest was twenty) as his successors with the courtesy title of 
Caesar. Certain other necessary modifications he made, but 
no material constitutional changes. His armies dealt success- 
fully with the barbarians on the frontiers, though at the end 
of his reign he was planning a campaign against Persia, which 
was resuming an aggre.ssive attitude «.fter a prolonged interval 
of truce. He gave to the imperial court, now permanently 
established in the east, that oriental non-Roman atmosphere 
and character which it retained thencelorth. But the two out- 
standing features of his rule were the development of the old 
trading town of Byzantium into the imperial city and fortress of 
Constantinople (" Constantine's city "), and the virtual, though 
not ^mt the formal, establishment of Christianity, so long pro- 
scribed, as the official religion of the empire, 
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Foi SIX years he wa-i building up the City of Constantine into 
the most magnificent — and impiegnable — capital the world hati 
known its -fornial dedication m 3^0 is one of the great historical 
sign-posts in 304 he conftimed the Milan decree with a final 
edict of toleration, and in the same year presided in person over 
the great universal council of the Christian Chinch (which in spite 
or m consequence of persecution had long been a highly organned 
body) held at Nicaea, where was affinned what came to be the 
orthodox doctrine of the Holy Tiinitv as against the heresy of 
Arianism, though its decisive victory was still long dcferied 
Constantine was not a piofessed Christian — he and his succesoOrs 
for fifty years to come held the office of Pontifex Maximus, 
official head of the old pagan religion even after baptism But 
from that time the Church was a powerful organuation within 
the state and always in close association with the imperial 
government 

Julian the Apostate. When Constantine died m 337, on the 
point of starting to attack the ambitious young Frisian king 
Sapor II, he was succeeded by his eldest son Constantins, who for 
twelve years was fully occupied with the Persian wai, chiefly ui 
Mesopotamia Meanwhile his two younger brothers quarrelled 
for siipreifiacy ui the west Constans won, but when the other, 
Constantine II was dead, he was slam by his own general, 
Magnentius, who claimed the empire This bi ought Constantius 
into the field He patched up a truce with Sapor, oveithrew 
Magnentius, and m 336, being recalled to the east by ^Sapor’s 
renewed activity sent his young cousin Julian as Caesar to 
Gaul Julian fought biilliantly against the invading Germans — 
Franks and Alleinanni , but he was already in arms against 
Constantins when the death of the latter in the east laised him 
to the imperial throne 

Julian " the Apostate ” (361-363) is famous chiefly for his 
attempt to revive a mystxal paganism grafted upon Stoicism . 
he desired to lestorc the ancient Greek philosophy m place of the 
Conventional Christianity which had been taught him He 
died m the course of a who Iwind campaign against Sapor, when 
he had reigned only two years Aftei a brief interval the legions 
once more elected a great soldier, Valentmian, who took his 
brother Valens as co-emperor and sent him to the cast, since 
frontier conditions made division an absolute necessity ’He 
reigned for twelve years, batthng victonously against ths 
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Germans on the frontier, and on his death was succeeded in the 
west by hib young son Gratian, his child-brother Valentmian 11 
being also named Caesar 

Invasions of the Huns. While Valentmian I was holding the 
Geimans in the west, Valcns in the east failed to prevent Sapor 
from absorbing Armenia, and was heading for disaster on the 
Danube frontier There the hosts of the Gotlis — westcin 
(Visigoths) and eastern (Ostrogoths) — long settled in Uacia, weie 
haul piessed by a new and tembic foe, the Huns nngiatmg from 
central Asia They appealed to Valens, who, without making 
provision, tiansplantcd them to Moesia within the ttnpiic In 
the circumstances their condition was so intolerable that in 
desperation they united in levolt Valens sent tor aid to Gratian, 
who was ill able to afford it and befoie he could aruve Valens 
attacked the Croths, but was sliatleicd and slam at the battle of 
Adnanople (syh) The Balkan peninsula setmed to be at the 
mercy of the victoiious barbaiians Giatian could do nothing 
but retreat, but he nominated as successoi to Valens llieodosius 
the Great Having done so, he was himself orerthiown and 
murdered by Maximus, an ambitious general from Britain 

Theodosius. All that as yet Theodosius could do was to 
claim Italy for the boy Valentmian II, while recognizing ^aximus 
in Gaul But when Maximus a little later attacked Valentmian, 
Theodosius had so strengthened his own position that he was 
able to come to the rescue and destroy Maximus His patient 
diplomacy, aided by the levival of the dissensions customaiy 
among the Goths, enabled him to enli=t them as allies instead of 
fighting them Then Valentmian was assassinated by his own 
general Aibogast, a Frank who put up a puppet empeioi 
Theodosius, when he had crushed the rebels, look no colleague , 
hut, m effect, he ensured the permanent paitition of the empire 
into east and west by nominating his eldei son Aicadius as his 
own successoi in the east and appointing the younger, Ilonorius, 
at once to the thione of the west under the guardianship of thr 
deservedly trusted Vandal general, Sbliclio Theodosius, vvno 
had received baptism on his accession, attached himself to the 
orthodox Church , he pronounced that paganism and Christianity 
could not both be recognized Pagan ntes were sternly pro- 
hiliited and Cliristianity was officially accepted as the State 
religion. In 395, the year after the tall ol Aibogast, Theodosius 
died — ^the last sole emperor of the united Roman Empire. 
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LESSON 24 

Rome at the Mercy of the Barbarians 

T heodosius, the last of the great emperors to unite and rule 
the whole Roman Empire, died in a.d. 395. He left his 
elder son Arcadius emperor in the East, with a German 
minister, Eufinus, to direct his counsels, and made the younger 
son Hnnorius emperor in the West under the guardianship 
of the Vandal soldier, Stilicho. The empire was never to' be 
united again, and tw'o generations later both the Western empke 
and emperors had disappeared. The barbarians on every 
frontier had been held up, and the Goths had been not only 
conciliated but imbued with a sort of superstitious awe of the 
empire, while they had also been induced to profess Christianity — 
not orthodox but Anan. Nevertheless, Britain, where the legions 
withdrawn by Maximus in his bid for empire had not been 
replaced — harassed, too, by the pirate rovers of ttie Saxon shore — 
was in a state of grave unrest ; on the lower and upper Rhine 
Vandals, Sueves and Burgundians, Herulians and Rugians were 
pressing wilst and south behind the Franks and Allemanni, and 
Theodosius was hardly dead when Alaric, king of the West Goths, 
dissatisfied with his position, renewed tiie attack on the Balkan 
peninsula, where Ruflnus, unable to face the situation, was 
defeated and slain. 

Wars of the Goths and Vandals. The menace in the East was 
stayed by Stihoho, the captain-general of the West. Having 
tranquillized the north and quelled disturbances in Africa, he 
carried bis army over to Greece and out-generalled Alaric, who 
came to terms. Illyria was, in effect, handed over to him by 
Arcadius, nominally as Imperial governor, Stilicho, having 
saved the Eastern empire? returned to Italy. But Alaric had 
only changed his obiective , to attack the Western empire was 
in his eyes no breach of faith with the Eastern. The Goth was a 
great warrior, but again he found the Vandal Stilicho more than 
a match for him. Two great battles at Pollentia and Verona 
drove Alaric and his Goths back {403). Then a ho.st of leagued 
German tribes burst through the Alps under a common war-lord. 
Radagaisus, who was duly slain and his forces dispersed by 
Stilicho. 
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Meantime Britain, refusing to acknowledge the soveieignty 
of Rome, set up an emperor of her own, Constantine III, who 
withdrew most of the remaining troops thence to extend his 
empire over Gaul in 407, the year commonly assi'gned to the 
" evacuation of Britain ” Honorius, alarmed by the power, 
prestige and possible amb.tions of Stihcho, seized the moment 
to deprive himself and the empiie of that gieat defende: , m 
40S Stilicho was suddenly charged with ti eason and executed 

Sack oI Rome. Nemesis came swiftly In two months' time, 
while Honorius took refuge in the almost impregnable fortress 
of Ravenna now the imperial capital of the West, Alanc had 
swept down with his Goihs to the gates of Rome itself For the 
moment he was content to extoit a heavy ransom Two years 
later (410) he returned and put the Eternal City to sack a thing 
which no foreign foe had done since the Gallic invasion in 382 b.c 

All Italy lay at the mercy of the conqueror, but he did not 
set up a Gothic empiie 111 place of the Roman It would seem 
that he purposed extending his dominion ovei the province of 
Afnca without deposing Honorius But before the year was out 
he died The mysterious icverence with which the baibarians 
in general and the Goths in paiticular legarded the empiie was 
demonstrated when his successor, Athaulf, decided to evacuate 
Italy and niaicb his Goths to Gaul and Spain as something 
between an ally and an officer of Honorius , this he did m 412 
Bnt the fact was manifest that the Western empire had dwindled 
to Italy, and that even there the enipeior of the West no longer 
ruled except in name 

After Stihcho had killed Radagaisus, the composite barbarian 
forces, no longer held together by a leader, had withdrawn from 
Italy and poured into Gaul bieakmg up into component parts 
The Burgundians stopjied on the uppei Rhine and Rh6ne , the 
Vandals and Sueves swept through southern Ganl into Spain 
When Constantine III set up his Gallic empiie from Britain he 
did so avowedly to save Gaul Irom the Germans Athaulf 
openly marched into Gaul to restore the empire with his own 
army of Goths He was still preparing to evacuate Italy when 
Constantine was overthrown and slam by the Roman prefect 
Con.stantms, while the Vandals and Sueves were establishing 
themselves in Spam Thither the Goths, after talang possession 
of Aquitaine, followed them as hostile imperialists Another 
infant, Valentiman, succeeded Hononus (who died in 423), the 
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son of his sister PJacidia, who was regent till Valontmian came ot 
age, and married in 4-^7 From that time till 452 the leading 
man in the^Westeiii empire was the soldier Aetius, who wag 
given the title of Patrician 

The Vandals In Afilca. Now, Arcadiub, the emperor m the 
East died m 408 and was succeeded by his infant son Theodosiug 
II For many years however, the East w-as left in peace while 
It took no part in the turmoils of the West In 428 Gaiseiic, ttio 
king of ihe Vandals, who had been pushed into Vandaliisia, 
now Andalusia, m Spam, by the Goths, transpoited himbclf with 
the whole Vandal host to Africa, made himself master of the entire 
province, and established a pirate principality extending as far as 
Carthage He was restrained in 441 from attacking Sicily— 
where no effective resistance could have been offered — by tho 
interv'ention of Theodosius, who, however, practically recognized. 
Gaisenc as sovereign of Africa and of the Mediteiranean waters 
Aetms In the Western empire had been paralysed for effective 
action against him by other embroilments 
The Scourge of God. At this moment the Mongols or Hung 
developed a portentous attack on the empire " Mongolian " is 
a general term covering many non Aiyan peoples — Huns, Avars, 
Turks, Jvlagyars, Chinese The " Mongol " proper is the essential 
Mongolian In their home-land in Central Asia the Mongols were 
tribes of nomad horsemen Hun was the name given to the 
typical Mongols who were flooding into Europe in the lafter half 
of the 4th century , hitherto, however, the empire had regarded 
them rather as a useful curb on the European barbarians, who 
weie a bufier between it and them But about 440 their khan 
or king, Attila, having established his personal authonty over 
ihe whole horde, developed ambitions of world-conquest For 
the next twelve years, adopting the significant name of the 
■' Scourge of God,” be was the terror of the whole western world, 
civibzed or uncivilized First, he led his forces over the Danube, 
swept the Balkan peninsula with fire and sword, and exacted from 
Theodosius a huge annual tnbiite (which the emperor preferred 
to call a subsidy) in 443 However, mainly by way of a demon- 
sfaation, he repeated the devastating invasion four years later 
Then he turned his attention to the Western empire, demanding 
from Valentinian his sister Honona for a bndc, with half_tha 
empire for a dower The demand being scornfully and angrily 
refused, he earned fiie and sword into Gaul ; but in the West 
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Theodoric the Goth and Aetius the Patrician succeeded in 
combining forces and inflicting on him a tremendous defeat at 
Chalons (451). which drove him back over the border. Chsllons 
wa.s, in fact, decisive ; if the Hun had been v’ictorious the 
ensuing destruction would have been terrific. Still Attila was 
not crushed. Next year he was in Italy making unabated 
demands on Valentinian , Aetius, without the Goths, could not 
again stake ail on a pitched battle. Attila marched on Rome 
and— retired, overawed, as men believed, by the courage of 
Pope Leo I, who faced iiim boldly and threatened him with tlie 
wrath of God if he dared advance. A year later Attila was 
as.sas.sinatcd. Then the German subjects of the Huns rose against 
them and smote tiiem in a great battle, after which their kingdom 
fell to pieces, and we hear of them no move. 

In 454 Aetius met the fate of Stilicho . Valentinian stabbed him 
with his own hand, and was consequently himself a.ssassinated 
some months later Tlien, for twenty years emperor succeeded 
emperor in tlie West, each one raised to the throne by, or by the 
consent of, the Sueve Ricimor, who succeeded to the command 
of tlie army but contented himsell with the title of Patrician 
Incidentally, the Vandals came over the sea, prolessedly at the 
call of Valentinian’s widow, took her prisoner, subjected Roine 
to a second and very thorough sack, and sailed away again. 
Ricimer died in 472, Between 472 and .475 Olybrins, Ricimer’s 
last puppet, was succeeded by Glyccnus, Glycerins was deposed 
by Julius Nepos, and Julius by Orestes, the latest " master of the 
soldiers,” who proclaimed his own small son, Romulus Augustus — 
known consequently as Romulus Augustulus —emperor. 

End of the Western Empire. Odoacer, the captain of the 
miscellaneous German barbarian troops now in Italy, put a 
check on the chaos by assuming personal authority in an emer- 
gency where no legal authority existed, deposing the child 
Romulus (without harming him), relusing to acknowledge any 
separate Augustus of the Western empire, whether himself or 
another, and causing the still existing but powerless Roman 
Senate officially to declare the loyalty of the West to the Augustus 
of the East, Zeno, at Constantinople, and to invite him to appoint 
Odoacer Patrician and viceroy of the West. Thus two generations 
after Theodosius, in 476, the last of the Western emperors dis- 
ajf^eared. Before, however, going on to the medieval period, we 
must devote two Lessons to ancient history in the Far East. 
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LESSON 25 

Buddliiism’s Place in Ancient India 

(See plate 56) 

T he 'Woild as known to the Ancients” included only 
the northern half of the eastmi hemisphere and our 
chronicle hitherto has bten confined to the westein half 
of that porhon Central Asia was inhabited by uncivilized 
nomad tubes, but beyond i+ lay China with its civilization, as 
old as Chaldea 

The Indian recoids of early times aie as legendary as those of 
Homer, and are contained not m histoncal chronicles but in 
epic poems But through the extiavagant uncertainty of dates 
and events certain facts do emerge The primitive population 
was mainly Dravidiaii and dark Somewheic between 2000 
and 1000 B c a fair people — calling themselves ' Arya,” whence 
the general application of the name Aryan io the peoples who, 
speaking kindred languages, weie presuinablj of kindled stock 
—began to penetrate the hill barnor on the nortti west By 
1000 B c , probably, they dominated the noi thorn half of India 
— Hindustan — preserving, though not so completely as they 
claimed later, puritv of race, at least among Ihe upper ranks 
Rise ol Caste System. To pride of race the purists added a 
religions sanction The Arya weie a people apart, the exclusive 
possessors of religious privileges , their rights would he forfeited 
if their blood were contaminated The clans among which the 
functions of priesthood in their common religion had become 
hereditary had been the most rigid in preserving racial punty, 
and separated themselves from the rest So did the great military 
clans. Intermainage between them was foi bidden Occupations 
tended to become hereditary and exclusive , collateral influences 
fostered the separatist tendency, and thus grew up the caste 
system It was. however, the growth of centuries, and did not 
attain anything like its full ngidity till a much later date It 
IS believed to indicate the spiritual status winch a man has reached 
by his continual journeymgs through birth and death 

Okutama Buddha. It was probably about the sixth century 
K C. that one of the greatest of religious and moral teacters 
arose in India and founded the religion known as Buddhism 
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Gautama, Siddhartha, Sakyamuni, or the Buddha, as he is varl* 
ously called, was a prince in one of the many warring kingdoms 
into which Hindustan was divided. The Hindus never conquered 
the south as they did the north, though Hinduism penetrated 
it and their Brahmans, the highest caste, were no less rever- 
enced or influential there. Abandoning the world, Gautama 
Buddha gave himself up to the pursuit of holiness and to indoc- 
trinating others with his philosophy. This we cannot discuss 
here ; but it breathes a spirit of charity and toleration and advo- 
cates physical non-resistance to evil or aggression. In its purest 
funrait forbids witchcraft, superstition and sacrifice. The idea 
of purity is expressed in representations of the Devas, angelic 
beings common to both Hindu Brahmanism and Buddhism. 
The lotus flower is the .sacred symbol. 

Empire of Magadha, The veil behind which Indian history 
is hidden was raised lor a moment wlien Alexander the Great 
made his famou.s expedition to the Punjab and forced its princes 
into his allegiance (as Darius the Great did before him, since 
there was an Indian contingent in the host with which Xerxes 
Invaded Greece). Conquest, however, wa.s carried no farther. 
When Seleucus contemplated it, he found that the mighty empire 
’ of Magadha had arisen in the Ganges basin under thatiChandra- 
gupta (not to be contused with the two monarchs of the'Gupta 
dynasty) whom the Greeks called Sandracottus, the founder 
of the Maurya dyna.sty with him a friendly treaty seemed 
preferable to war. Greek envoys visited the court of the mighty 
monarch and recorded their impressions of the social and political 
condition.s, which, incidentally, show that caste had not yet 
become a rigid system or Buddhism a dominant creed, Chand- 
raguptahad usurped the throne, then, m the. character of liberator, 
attacked and crushed or expelled the Macedonian garrisons left 
by Alexander in the Punjab, and ended by subjugating the 
" liberated ” kingdoms. With the aidvol a Brahman minister as 
able and unscrupulous as himself, he organized and expanded 
the Magadha kingdom into an empire embracing all India north 
of the Nerbudda, His diplomatic fencing with Seleucus won 
him Afghanistan ; and was an effective demonstration of the 
Magadha military power. The. empire was extended again by 
his son, Bindusara, who conquered half the Deccan and was 
succeeded in 273 b.c. by his son Asoka, the great advocate of 
Buddhism. 
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Reign oi Asoka. It is only of late years that the wonderful 
story of Asoka’a reign has been tolerably elucidated, the reign 
of the greatest idealist who has ever occupied an imperial throne 
— not excepting Marcus Aurelius — during which a vast siihiect 
population enjoyed an unexampled practical prosperity. Asoka 
began his career on the normal lines of oriental despotism, as a 
conqueror like his father and grandfather. But hi.s first successes 
sickened him of war ; and it was the victories of peace, not force 
of arms — though the consciousness of his irresistible strength 
was, doubtless, a convincing factor — that brought the whole 
of India except the extreme south under his sway before hia 
death. He early became a fervent disciple of the teachings of 
Buddha, and the practical application of those doctiines to the 
principles of government was the basis of his rule. The decrees 
which were the expression of hi.s aims were recorded from time 
to time on roclt insenptions, and were finally summed up in hie 
seven pillar inscriptions, and are at the same time an exposition 
of the moral law of Buddhism. Moreover, Asoka dispatched 
missionary expeditions far and wide beyond the borders of his 
own duininion, so that the great religion tooir possession of Ceylon 
and Burma and continued to plant itself farther afield, till it 
had moreh professed followers probably than any other creed, 
though'it never became securely rooted in India itself. He 
made no more conquests ; but, besides preserving friendly 
relations with the contemporary Seleucids, he held amicable 
communication with the Ptolemies. 

Of his successors we know almost nothing. During the second 
century B.c. the great Maurya empire broke up — it may be, in 
consequence of a Brahmaiiist reaction against Buddhism, which 
could not be brought into line with the strict caste ideas of Hindu- 
ism. Though it professed not to disturb sociai order, Ruddhi.sin. 
seemed to the Brahmans a danger to the Hindu state, because 
it withdrew from militaryf service into a life of philo.sophic con- 
templation too many of the fighting caste, and received even 
people of invading forces of Greeks, Scythians. Parthians, and 
Huns into its fold, a proceeding which the pure-blooded Brahmans 
could not tolerate, 

Kushan Empire. About the beginning of the Christian era! 
one of the Central Asiatic hordes established in Afghanistan the 
Kushan dominion, which presently expanded over Hindu.stan ; 
probably it was not Mongol so much as Turkish. Ka-nishka, 
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the greatest of its monarchs, would seem to have set about a 
Buddhist revival complicated by a cuiious admixture of other 
religions The Kuslian empire in turn disappeaied, and on its 
ashes arose, early m the tourth century a d — when (j^onstantme 
was building his New Rome on the Bosporus- — the Gupta empne, 
founded by another Chandiagupta (cad 320), followed by his 
son Samudragnpta, and then by the second Chandragupta of 
the Gupta dynasty The three reigns covered about a century, 
an era of rcstoiation and conquest — the classic age of tlindu 
hteiature, art and science 

Great Gupta Dynasty. Samudragnpta (c. a d 326-375), 
after a brilliant campaign, foiced the Indian rulers of the extreme 
south to pav him tnbute A riderless steed, m accordance with 
the ancient Vedic ritual was let loose to show his armies the way 
to victory , afterwards it became the victim of the sacrifice 
which concluded the campaign Though a stnet Hindu, Samu 
dragupta never persecuted other religious sects Buddhism 
received its full share of State patronage, and its foundci was 
revered as one of the greatest of early religious teachers, The 
monasteries of Buddhism became real univeisities and schools of 
comparative religion, its noble ethics making what lias proved 
a permanent impiession on Hindu thought 

After Samudragnpta, the Gupta power lasted anothes fifty 
years. At this ppiiod western civiliration was tottering from the 
shock of Attila and his Huns ; but at the same time a Hun 
empire was being cstabhshed in the east, which was about to 
dominate, without exterminating, the Gupta dominion The 
dynasty remained m being till the ytli century The evidence 
of the power and prosperity of the Gupta period is drawn rather 
from the very high development of Indian art and architecture, 
touched though not inspiied by Hellenistic culture, and from 
the note-books of the Chinese tiaveller Fa-bien, who went all 
over India m the days of Chandragupt^ II, than from the com- 
pilations of Brahmans of later centuries , and fiom these evi- 
dences we are warranted m regarding the great Gupta era as 
a golden age m Indian history And just as Latmism was never 
wholly submerged by the Teutonic flood, so also Hmduism 
emerged tnumpliant from the Hun flood in India. 
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LESSON 26 

Ear!^ History of China and Japan 

(See plates 57 and 58) 

T 11V histoiical gcneraliraitou that States, followmi? the 

of organic life aie born, have their period of adolescence 
of fully developed vigom, of inevitable decay, and death 
lb inipo'ibible to leconcrle with the stoiy of China, a state still 
so much alive that it is a member of the League of Nations 
while It has a continuous history as a continuous state hoiu begin- 
nings in a past so i emote that we cannot assign its bnth even 
to a given millennium much less a given century 

In the si\th rentui v u c , when Damis the Great was oigamzmg 
the Persian empire which Cvms had created, the great Chinese 
sage Confucius (351-478 bc), was coinpilmg hom existing 
records part of the history of his nation in the Book of Spnng 
and Autumn, while other historical woiks uicliulecl in the 
" Scnpluies of Confucianism go back to a period long before 
the sage s own woik Yet China s contacts with the West have 
been of the most meagre desniption dm mg the four thousand 
years of her chronicled eMsteiice, until the last century 
The Chinese people, like most of the Far Eastern Asiatics, 
are Mongolians, akin to but not identical with the Mongols proper 
01 Huns of central Asia In the veiy earliest times they developed 
a relatively high civilwation of then own in a highly organized 
state, and the enemies against whom thev had to be perpetually 
on guard were those same Mongols or Huns According to the 
Confucian books the reasonably tiustwoithy, as opposed to the 
merely legendary, tecords deputed an organized empire stretch- 
ing from Peking to Canton at the time when the historical survey 
contained in these Chinese Classics staits It opens with the 
founders of the Hsia dynasty, which lasted some five hundred 
years, and was foUovved by the Shan or Yin dynasty, which 
cnduied for 300 years more Their great monarchs, Yao, Shun, 
Yu, and Tang, were probably, hke Minos, Midas or the great 
Pharaohs ol the early Egyptian dynasties, real peisons who 
became centies of legend In the twelfth centui-y arose the Chou 
dynasty, founded by Chang or Wen Wang and his son Wu 
\Yang, known as the " wise king" and the " wairioi lung ” 

( 440 ) 


EARLY CHINA AND JAPAN 

China Under the Chous. Tho dynasty may have been of foreign 
extraction, like William the Conqueror’s At any rate, the Chou 
empire was organized on lines akin to the feudal .system of medieval 
Euiope — Kgypt, it mav be lemembered, had something like a 
feudal period of its own, when great territorial magnates were 
virtually petty princes owing allegiance to a common sovereigu, 
who might, or miglit not, be able to exercise eflective authority 
over them. The mightiest of these barons were the lords nf 
the border prordnees, the men charged with the defence of the 
marches against the barbarian raids and attacks on a larger .scale : 
thesi; chieftains may be compared to the barons nf the Welsh 
and Scottisli marches under the Normans and Plantageiiets. 
rtis enrious also to note that in the loth century n.c. an innovating 
emperor, Mu Wang, was introducing a reform in tho criminal 
law very shocking to Chine.se conservatism , this was the sub 
stitiition ol tines on a regulated scale for the vindictive penalties 
assigned by immemorial custom to oSences against the law. 

Lao-Tsze. The imperial Chou dynasty had been on the thrnue 
for some 600 years ivhen Confuciu.s was born The empire at 
that time had long been an aggregate of virtually independent 
principalities. Philosophy and learning were held in very high 
account in China. An older contemporary of Confuci'ss was the 
great philosopher Lao Tzu (or Lao-tsze, literally " tJie old philo- 
sopher ”), whose Ta.0 Te Clung is one of the pres.t ethical treatises 
of the world. The fundamental Cjualities extolled in it are 
humility, gentleness and economy. Tao moans the path or way, 
and Lao Tzu's “ great way ” provided the name for the Chinese 
religion of Taoism, There is, however, nothing concerning this 
type of religious worship in Lao TziTs treatise, and the phases 
which Taoism has assumed at different times have no connexion 
witli the liigh ethical teachings of the philosopher 

Confucius. Unlike Lao Tzu, who valued academic matters 
not at all, Confucius was a man wlio,,devoted himself primarily 
to learning and was most zealous to turn it to practical account 
as a moral teacher and a political refomrer. In this last respect 
he was highly ef&cient, when allowed a free hand, not as a prince 
but as a mini.ster of princes, thus carrying on the ancient Chinese 
tradition of ruler and advisory sage. He enunciated " Do not 
do to others what you would not have them do to you " as the 
goltVan rule of conduct and of perfect manners. He laid great 
stress on the duty of eveiyone to cultivate his best qualities and 
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suppress the bad. Knowledge was liia key to virtue. There ia at 
the heart of things a fixed order or rhythm. Thus the study of 
music and poetry assist the cultivation of virtue. 

Confucius, died when about seventy, in bumble belief that hia 
life had been a failure ; but after his death his countrymen 
revered him almost as a divinity, and today Confucianism 
still represents the morality and intelligence of China. In spite 
of his originality as a reformer, Confucius was fundamentally 
conservative in his reverence for tradition and the past glories 
of his nation. He attributed the evils of his own day to the 
degeneration of morals since the great days of Won Wang,ancl 
Wu Wang. Neither he nor his famous disciple, the philosopher 
Meng Tse (Mencius) — who devoted his life to Confucian pro- 
paganda, and who found the root of stale trouble in the lack of a 
central authority and the disregard of rulers for the welfare 
of their subjecis — succeeded in bringing about any real recon- 
struction. Thus the Chou d3masly degenerated, and finally 
succumbed in the 3rd century to the lords of T'sin. 

The Burning ol the Books. For a time there was no official 
emperor, but in 221 E.c. Shi Hwang Ti seized the imperial 
crown. It was he who built the Great Wall of China — 1,500 
miles of {ortification, of which Hadrian's Wall in Britain would 
have been an insignificant fraction — as a barrier against Hun 
incursions ; in one gigantic act of censorslilp he ordered the 
" Burning of the Books," the total obliteration of the whole 
literature of China, because the learned classes were wont to 
invoke the Classics in their resistance to any sort of reform, 
which had convinced him that the super-education of the privi- 
leged classe.s was a deadly political disease. Though the punish- 
ment for refusing to surrender any books was death — which some 
hundreds at least of recalcitrants suffered — ^the destruction 
was fortunately not complete, and the next generation did its 
host to make good some portion of the otherwise irreparable 
loss, partly from memory, partly from the materials which had 
been successfully secreted. 

Golden Ago ol the Hans. Shi Hwang Ti was the first despotic 
emperor of all China. He did not found a dynasty, but a few 
years after his death the Haii dynasty was established by Kao 
Tsu, and confirmed by Wen Ti (178 b.c.). Both reversed the 
anti-clerical policy of Shi Hwang Ti, but otherwise made -liim 
their model. The two centuries of the Han rulers were China's 
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golden age of strong and peaceful government, when the land 
enjoyed prosperity : art and literature flonri.shed exceedingly, 
and there was some expansion of the northern border.s and the 
conipieKt of Korea. Its glory ended with the usurpation of the 
traitor Wang Wung of execrated memory, at the beginning 
of the 1st century a.d. He wa.s very .soon ovcrtln-owii, and 
llio line of the Hans was re.stored as the eastern Han dynasty, 
which, however, presents no notable features except the definite 
adniis.sion of Buddhism into China under its first oinpcror. 
Trade, especially in silk, was carried on through Parthia, and 
Roimn merchants reached China by sea in .^.D. t66. 

The <;inpire broke up into three kingdoms, not to be reunited 
as a single whole till the 6th century, though the northern king- 
dom e.xpandcd its dominion over a considerable portion of central 
Asia, for it was in the north that China was at all time.s engaged 
in interminable wars with the Mongol barbarians. 

Early Japan. The earliest external references to Japan occui 
in the days of the eastern Han. Tlic point of contact was, as 
mi.ght be expected, Korea, In the first century a.d. the " Little 
People " of the islands, the Wa, were in communication with 
the Koreans. The Chinese annalists describe them picturesquely ; 
but these stray references do little more than confirm the'] apanese 
tradition of an organized kingdom or empire, which had already 
been in existence for an indefinite number of centuries. 

It is not till the end of the yth century a.d. that some degree 
of exactitude begins to attach to Japanese history. Little reliance 
can be placed on the records of the Japanese themselves, since 
their compilation cannot he attributed to a date before the fith 
century a.d, Tho.se records, however, claim that the Japanese 
empire dates from the first Mikado Jimmu, 66n B.C., whose lineal 
descendant is Mikado today. 

The most prominent figure in the Japanese tradition is that of 
the Empro.ss Jingo, who is said to hav^ conquered Korea in the 
third or fourth century a.d. All we can say with certainty is that 
there was much intercourse between Korea and Japan, and that 
writing seems to have been introduced from the former by moans 
of Chinese books and teachers of Confucianism, The true intro- 
duction of Chinese civilization, however, came in a.d. 552, 
when Buddhism wa.? introduced from Korea into Japan, and 
eventually became the state religion. 

Our Course in Andent and Medieval History Is continued in Volume 5* 

{ 4-13 ) 



LA TIN 


LESSON IS 

Some Peculiarities of Verbs 

T he frequentative verbs in Latin grammar express repeated 
or intenaer action, and are formed either (i) in -(fl, -sj 
from supine stems — e.g. tracts = l handle (from Iraki 
traxi, tractum = I draw) ; curso — I run about (from a,m5 
mciirri, cursum = I run) ; or ( 2 ) by adding -rtd to the last 
consonant of the present stem — e.g. rogito =■ I ask often, All 
frequentatives are first conjugation. 

The inceptive verbs express beginning of action, and are formed 
by adding -sc5 to the present stem of verbs, or from nouns by 
adding > 55 Cd or -esco — e.g. juven&scd = I begin to grow young; 
ignesed = I burst into flame. All these are third conjugation. 
The desiderative verbs express desire, and are formed by 
adding -und to the supine stem — e.g esurio == 1 am hungry 
(from edd, Ssum = I eat) All these are fourth conjugation. 

The qiAsi-passiva verbs are the exact opposite of deponents, 
Deponents are passive in form and active in meaning ; quasi- 
passives are active in form and passive in meaning— e.g, fio = I 
am made ; emlo = I am banished ; hceo = I am put to auction ; 
vapulo >= I am beaten ; veneo (compound of ed = I go) =« I am 
on sale (used as the passive of vends = I sell). 

The defective verbs lack some of a verb's usual parts ; 

I. Odi (I hate), memini (1 remember), coepi (I begin), are 
perfects, without any present-stem tenses. Novi (I know), 
from nSscS, is similarly used. Thus; "To hate” = odisu', 
" I remembered ’’ = memineram (pluperfect), 

Memini has imperative CMejweMfd, mementote. 

Coepi and odi have perfect and future participles — coeptus and 
coeptiirus, dsus and Ssurus. 

2 . Many verbs have perfect without supine, and some have 
neither perfect nor supine — e.g. most of the inceptive verbs. 

3 . Inquam (I say) has the following parts : 

123 
Present. inquam inguis inquit '' 

inquimus inquiiis inquiuni 
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I 

2 

3 

Imperfect. 

— 

— 

inqmebat 


— 

— 

inquiehant 

Future 

— 

inquies 

Inqiiiet 

perfect 

— 

tnqmsil 

inquit 

Impel at! ve 

~ 

inqiie 

— 

Aid (I say ay, I afhrm) has ; 

tnquite 



I 

1 

3 

Present 

ato 

ats 

ait 

» 

Imperfect 

ateham 

(complete) 


dmnt 

Pres subj 

— 

di(is 

diat 


— 

— 

diant 


Fan (to spealc)— -deponent — has jCitur (he speaks) fSbor (I 
shall speak), /(lys (speak thou) , fSn fatus, fandus 

The impersonal verbs are conjugated only in the third person 
singular of the finite verb, and in the infinitive 

1 The following are used with the accusative oportet (It 
behoves) decet (it beseems), dedeoet (it misbeseems), piget (it irks), 
pudei (it shames), poemiet (it repents), taedei (it weanesj, tmseyet 
(it moves pity) — all second conjugation , also, dUeoiat (it chaims), 
andjuvat (it delights) — first conjugation, 

2 The^ following are used with the dative libel (it pleases), 
heel (it 13 lawful) liquet (it is clear) — second conjugation , also 
accidit, contingit (third) evemt, conventt, expedii (fourth) 

Examples oportet me ire = 1 must go , hcuit tibi ridere =» 
you were allowed to laugh 

3 Pudet, piget, taedet, poemtet, niiseret, are used with an acc 
of the person feeling and a genitive of what causes the feeling 
iaedfl me Intae = I am weary of life 

4 Interest and refert (it concerns, orkt is important for) take 
the genitive of the peison concerned — e g Caesaris interest 
pontem facere = it is Caesar’s interest to build a bridge (This 
construction is raie with refert say, ad Caesarem refert ) But 
possessive pronouns are used in the ablative feminine — e g Qmd 
med refert =* What does it signify to me ? Magis nulltus interest 
quain tud = It concerns no one more than yourself 

The med and the tud probably agree with rd understood Med 
rdfert was originally meae ret fert, and then, rei being shortened 
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lo re, meae became med. If this is so, med interest is probabW 
an imitation. 

The following irregular verbs of the first conjugation are 
important 'exceptions : 

Perlect -u%. Supine -itum. 

crepd crepdre crepui crepiium creaJr 

Similarly, cubo (lie down), domd (tame), plied (fold), 
(sound), iond (thunder), veto (forbid). 



Perfect -ui. 

Supine -turn. 



seed 

secare 

secui 

sectum 

cut 


Perfect reduplicated. Supine -turn. 

11 

db 

dare 

dedi 

datum 

give 

stO 

stdre 

steti 

statum 

stand 


Perfect -vi. 

Supine -turn. 



iuvd 

juvdre 

juvi 

juium 

help 

lavo 

lav are 

lavi 

lohm 
or lavahm 

wash 


Note. Compounds of do are of third conjugation, and make 
-didi, -ditum (except circumdo, pe.ssumdd, and venumdo, which 
make -dedi, -datum). Compounds of std form -stilt, -shtum. 

Put the following into English, using a dictionary before 
consulting the translation : 

Peroration of Cicero’s Second Philippic. 

Respice, quaeso, aliquaudo rempublicam, M. Antonj : quibiia 
ortus sis, non quibuscum vivas considera ; mecum, ut voles; 
redi cum republica in gratiam. Sed de te tu videris : ego de 
me ipso profitebor. Delendi rempublicam adolescent, non 
deseram senex : contempsi Catilinae gladios, non pertimescam 
tuos. Quin etiam corpus libenter obtulerim, si repraesentari 
morte mea libertas civitatis potest : ut aliquando dolor populi 
Romani pariat, quod jam diu parturit. Etenim si abhinc annos 
prope viginti hoc ipso in 'templo negavi posse mortem immaturam 
esse consular!, quanto verius nunc negabo seni ? Mihi vero, 
patres conscripti, jam etiam optanda mors est, perfuncto rebus 
iis quas adeptus sum quasque gessi. Duo modo haec opto ; 
unum ut moriens popuium Romauum liberum relinquam — hoc 
mihi majus ab dis immortalibus dari nihil potest — alterum, ut 
ita cuique cveniat ut de republica quisque mereatur, 

Note. ” Perfuncto " is dat. of the perl, ptc., agreeing with 
" mihi ” ; it governs an abl., being a compound of " fungor,” 
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Translation. 

Bethink yourself of the State. I beseech you, even now, Marcus 
Antonins : think of those from whom you have sprung, not of 
those with whom you now associate : deal with me ^s you like, 
but make up your quarrel with the State. About your own 
course, however, you yourself will decide ; I will openly profess 
my own. I defended the State in my youth, I will not abandon 
it in my age ; I scorned the swords of Catiline, I will not fear 
your.s. Nay, rather I would gladly ofier my body, if by my 
death the freedom of the State can be immediately recovered, 
.so that at last the pangs of the Roman people may give birth to 
that with which they have so long been in travail. If, nearly 
tvventy years ago I said in this very temple that death could not 
be untimely for one who had ftllod the consulship, how much 
more truly shall I say this now of an old man I For me indeed, 
Senators, death is even to be desired, now that I have completed 
the course of honour and of achievement. 

I have only two wishes. One is that at my death I may leave 
the Roman people free — and no greater gift than this could be 
granted me by Heaven 1 The other is that as each man has 
deserved of the State, such may be that man's reward. 

LESSON 16 

Oblique Narration 

T he construction known as Oblique Narration [Oratio 
Obliqiia], or the Accusative and Infinitive Construction, 
is one of the most characteristic idioms of Latin. It is 
especially used where English has a clause beginning with that 
after (i) .verbs of saying, knowing, thinking, believing, feeling, 
( 2 ) impersonal expressions, as " it is qjear, true," etc. 

The subject is put in the accusative case, and all principal 
verbs are changed from indicative to infinitive, retaining their 
original tenses : e.g. he says that the moon is smaller than the 
sun = dicii Imtani esse minorem sole (literally, he says tire moon 
to be smaller). I know that I shall die = scio me mofiturum esse. 
Instead of dice . . . non, Latin uses nego => I deny ; e.g. he 

said’ he did not believe = negavit se credere. 

All verbs, other than principal verbs (i.e. verbs directly making 

{ 447 ) 



LATIN 10 


a statement), aie put in the subjunctive Theie cannot bean 
indicative in Oblique NanaLion This is very important 
Examples ■ '' the slaves whom I now have here are moat 
faithful ' in Oratio Recta (Direct Nanatioii) and would beta 
Latin, " eervi quos nunc htc habeo sunt fidelissttni ’ Turn this 
into “reported speech ’ or Oratio Obhqua, and we have "b' 
said that the slaves whom he then had thei e were most faithful " 

= dixit seivos quos turn ibi haberet esse fidehsstmos Note th( 
change of "now' into "then ‘ here" into there," "f 
into he,' “have ' into had,” and “are” into "were" 
blit we still use esse for ‘ weie,” because esse is both present 
and imperfect infinitive, and futsse would mean ' had been 
Again ' It is cleai that, because the citizens are cowards, th« 
city will be taken ” = mamfeshmi est quod cives igvan sint 
urbeni captum in 

Imperatwes in Qratio Recta become imperfect subjunctive m 
Oratio Obhqua eg Recta “ Charge, my men,' said the general 
= “ Instate, mihtes ” iiiquit iniperator Obhqua The general 
sard to his soldiers, “ Let them charge ' = hnperatov mihtibm 
dixit Inslarent 

Questions in the fiist and thud persons are rendered m Oratw 
Obhqua 4oy the accusative of the person and the infinitive of the 
verb ,* but questions in the second person become imperfect or 
pluperfect subjunctive eg (they said) why is our genera! 
absent ^ = cur abesse imperatoiem > (he said) why are you 
advancing? = cur progiederetitur ? 

Ego, tu, nos, VOS, cannot find a place in Oratio Obhqua , ego 
and nos become se, tu becomes tile, and vos becomes tlh 

Se and suits refer, as a nile, to the speaker e g he says drat 
he wall come >= dicit se venturum esse He sard, “ let them not 
forget his kindnesses ” ■= ne suoruni benefictorum obhvtscei entur 

If, howevei, suus is wanted to refer to the subjeot of some 
subordinate verb (eg oHiviscereniui , above), then ipse is used 
to refer to the speaker e g. let them not forget their own 
cowardice or his kindnesses = ne suae ignaviae aut ipsm 
beneficiorum dbhviscerentur 

Note The translation of tlie English conjunction that needs 
great care When it means ‘ m ordei that,” "so that” (as 
" he walked fast that he might warm himself ”), it should be 
translated by ut with subjunctive When it means ‘ the fact 
that," aften any verb or phrase sentiendi vel declarandi (“ of 
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IJA8S1C formations IN BRITAIN. Unn er pl)oto, :i qtr.irry in tlic Lower Lia:s 
limestone at Brivlgend, Ghvniorjjmi ; miudlt*, an isolated block of Aliddte l.iai5 
sandstone on a pillar of shale, on the foreshore at Sheepslunc, York'^ ; bottom. 
Upper Lias cliffs at Saltwick ba}', Yorks. Geoiogv ](> 
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PORTLANDIAN OOLITE^ Portland stone, named alter the hie ol Portland, in 
Dorset, v/here it is extensively quarried for building purposes, belongs to t»ie 
Upper Oolite series. Above is a view of the Portland stone clitfs — Tilly Whim 
and Durlstone Head — near Swanage, Dorset. Geology 17 
GeofouJcal Survey end Mu.sturn 
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DIOCLETIAN (a.d. 245-313). Em- 
peror from 2S4 until liis abdication 
in 305, he was mainly responsible 
lor tne reconstruction of the 
empire as an absolute monarchy 
with its centre of power in the 
east. History : Anciumt 23 



CONSTANTINE 
THE GREAT. (A.D. 

2 S.S- 337 ). I’roclaiiiied 
emperor in 300, he 
tran.sfcrrcil the imperial 
capital to Constanti- 
nople, ordering the loler- 
ation of Christianity. 
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THEODOSIUS AT THE GAMES. This bas-relief on the pedestal of an 
Sbelisk in Constantinople, erected by Theodosius in A.D. 390, shows tlie 
emperor and his suite watchinp the games in the Hippodrome. 
History : anciemt 23 

I'hiilo. A. J. li. ir«L'e ill JOHi'nal 0/ Hellenic ntuilire 
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BUDDHA. Born about 56O B.C., Gaiitjima was almost thirty when lie left wife aiiJ 
child ancl went in search of the key to life and death. After seven years of wancleriiiiis 
and self-mortification he came to the forest of Gny.T, in Bihar, and there while meditntin;: 
beneath a bo-tree illumination came. Thenceforth he was the Buddha, the wise or 
enlijilUened one. The reputed spot is .shown in this photufjraph ; nn the left in flu' 
tamous shrine, the Biutdh-Kaya, while on the right, encircled by a brick p'atforia, b 
the fig-tree which i? perhaps a descendant of the tree that shaded Buddha. Above is 
a sculptured head of the great teacher, the work of a Gupta artist. Budiir.a aieil 
. about 480 u.c. History : Ancient 25 
Phoio, F. Deaville Walker 
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feeling or slating ”), the accusative with the infinitive must be 
used. In English we can say, " yon were ill, he thought, and 
therefore absent." But in Latin we must say, " he thought that 
you were ill, etc." (piiiavit te aegntare). , 

Latin prose compusition can be learned only by long and 
constant practice. Below will be found a pas-sage for translation 
into Latin. This done, the student should compare his rendering 
with the Latin version, and then translate the latter literally 
into Engli.sh, after which he should compare bis English ve-rsion 
with the English version as given above. This will give him a 
('oojl idea of the difference between the English and the Latin 
way.s of expressing ideas. Accuracy and clearness are the first 
essentials, and then the style .should be polished by constant 
comparison with the style of the best Latin authors, such as 
Livy and Cicero. Hints on style will be given from time to 
time during the remainder of this Course. 

Turn into Latin Prose : 

The inhabitants of this island were so bold that they would 
have preferred a thousand deaths (say, " to die six hundred 
times ”) to disgrace, if the choice had been necessai-y. One 
brave farmer was asked why he would sooner die nobly on the 
field of battle than live ignobly at home. He answered? " Because 
I am more afraid of shame than of death." It happened once 
that they were invaded by the powerful nation of the Ventidii, 
who landed on their shores, marched up to their capital, devastated 
the coOntry all round, and then laid siege to the city. The 
citizens determined to resist with boldness. Instead of throwing 
themselves at their enemies’ feet, they sent away their families, 
their old men and their treasures, and prepared to resist with 
desperation. Though they were prevented by scruples from 
committing suicide, they promised one another to fight so 
desperately that the enemy should not take them alive. When 
they were all assembled in arms, th^ir general addressed them 
thus : “ Remember, citizens, that victory or death awaits you. 
I will say no more ; the enemy is at the gates. What reason 
is there for delaying ? ” ^ 

Latin Version. 

Qui in hac insula habitabant ii omnes quum essent summa 
aiidacia praediti, sescentiens mortem quam semel, si optandum 
fui.'iSGt (gerundive <= " if it had to be chosen, if choice had to 
be made ") infamiam obire maluissent. E quibus agricola 
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quidam, vir fortissimus, rogatus cur potius vellet militiae pa 
virtutem emorl quam per dedecus domi vivere, respondit sj 
ignominiam magls quam mortem tiraere. Quibus ita accidit ut 
Ventidii, quarj gens erat potentissima, in eorura fines navibas 
ingressi, agris undique vastatis, urbem quam maximam habebant 
obsiderent. Sed quum civibus visum esset sibi quam acerrime 
hostibus obstanduin (gerundive), tantum aberat ut se iis ad 
pedes deiicerent ut, pccuniis et liberis et senibus dimissis, se.sead 
rc.sistendum accingerent ut (as) qui de suis rebus despcrafent. 
Religions quidem obstricti quominus sibi mortem consciscerent, 
alii tamen aids pollicebantnr scse acrius pugnatiiros quam qui 
ab hostibus vivi caperentur. Qiios quum armatos imperator 
convocasset (shortened form of convocavissel) , jussit merainisse 
aut victoriam aut mortem obeundam : se non plura dicturum ; 
hostes illis ad poitas adessc ; quid causae (partitive genitive, 
literally " what of reason ”) esse cur jam morarentur ? 

LESSON 17 

Writing the Date 

e 

I N th% Roman calendar, the year originally began with March ; 
therefore, July was the fifth, September the seventh month, 
and so on, Every Roman month had three chief days : 
Kalendae, -anim (Calends) ; Nonae, -drum (Nones) ? tdus, 
Iduum (Ides) : all three feminine The Calends were always 
on the 1st . the Nones usually on the 5th, and the Ides usually 
on the 13th. But in March. May. July and October, the Nones 
and Ides were two days later, i.e. on the yth and 1 3th respectively. 

Erom these days the Romans counted backwards, the days 
between the ist and the Nones being reckoned as so many days 
before the Nones ; the da^s between Nones and Ides, as many 
days before the Ides ; and the remaining days of the month as 
SO many days before the Calends of the next month. 

In expressing dates, the Romans generally employed the 
names of the months as adjectives ; 

Janudrius, a, wn Maws, -a, -mw 

Februdrius, -a, -uin J umus, -a, -urn 

Martins, -a, -um Quintilis, -e (or Julius] ■' 

ApriHsi -e Sextilis, -e (or Augustus') 
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September, -ons, -bre November -bns, -bre 

Orlober, -bus, -bre Decembet bns, -bre 

Qiuntihs and SexHhs were later called J fdiiK and Augustus 
in honour of Julius Caesar and the Empeioi Aup[U9tus 
When the date falls on one ol the three chief days, the date 
IS put in the abl , the month, of course, agreeing with the noun. 
Jan 1, Kalendi^ Idrni&tils 
Maich 15, Idihus Martiis 
Nov 5, Norm Novembnbm 

The clay immediately preceding any of these three reckoning 
liomts was called pnche (1 e pridre die), followed by the acc- 
Jan 31 PHdte Kalendas Febri^drtas 

Apl 12 Pridre Plus Aprtles 

Oct 6. Pndii Nonas Otlobres 

In any other date we find out how many days it is before the 
next Calends, Nones or Ides (remembering to count m both the 
date in question and the Calends, etc) Thus Jan 30 is the 
third day before the Calends of Febiuary, and would be m Latin 
ante diem tertium Kalendas Februdnas 
Further examples 

Dec 2 A nte drem quartum Nonas Decembris. March l6. 
ad septimimi deciinum Kalendas Aprtles, ” 

These are usuaUy sviitten “ad IV Non Deo..'' and “ a.d. 
XVII Kal Ap ' and so with the others. The original signifi- 
cation of this expression seems to have been before (on the 
fourth flay) the Nones of December," the exact day being thrown 
in parenthetically, and attracted from abl to acc. in consequence 
of following ante. 

In Leap Year, Feb 24 (a d VI Kal. Mart.) was reckoned 
twice , hence this day was called dies bissexhis, and leap year 
Itself, annus btssextihs 

Irregular Verbs. In the second conjugation, the most 
important exceptions to the regular formation of -mi and -ittmi 
are ; 

Perfect -vi, Supine -turn 

deled dslere delevt deletum blot out 

(So also fled = weep, and -pled = fill.) 

Perfect -ui. Supine -turn 

doced docere doom doctiim teach 

misted intscere miscui mlstum mix 

lened ienere tenui tentum bold 
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Perfect -si, -xi. Supine -him. 


torque 5 

torquSre (orsi 

torUm 

twist 

augeo 

augere auxi 

awtum 

increase 

l-ugeo 

r lugere litxi 

— 

mourn 



Perfect -si. Supine 

-sum. 


mulceo 

niulcere mulsi 

niulswn 

soothe 

Similarly, 

arded 

(take fire), rided 

(laugh), sudded (advise), 

mcneo (remain), jubea (order, pevf jwssE), haereo 

(stick), fulgsl 

(glitter). 






Perfect reduplicates. Supine -sum. 


morded 

-ere 

moniordi 

indrsum 

bite , 

pended 

-ers 

pependi 

pensum 

hang 

sponded 

-ere 

spopondi 

spdnsum 

pledge 

tended 

-ere 

totondi 

tdnsum 

shear 



Perfect -t. Supine 

-sum 


pranded 

•ere 

prandi 

prdnsutn 

dine 

sedeO 


sedi 

sessttm 

sit 

vide 5 

•Ire 

vldi 

visum 

see 



Perfect -i. Supine 

-turn 


caved 

-ere 

edvi 

cauhtrn 

beware 

faved 

•ere 

javt 

fatibtm 

favour 

foved , 

-Sre 

fdvi 

fdlum 

cherish 

moved t 

•ire 

nidvl 

tndium 

move 

voved 

•ere 

vdvi 

vdtnm 

vow 

Note. Most of 

our English nouns 

are derived from supines 


e,g. torture, tonsure, vision, session, etc. , 

Also three deponents : 

fateor fateri fassus confess 

mtsereor mtsereri tmserhfs have pity on 

or mtseriius 

rear reri raius think 

Turn the following, " The Funeral of Oliver Cromwell,” by 
Abraham Cowley, into Lattn prose . 

It was the funeral -day of th late man who made himself to 
be called Protector And though I bore but little affection, 
either to the memory of him, or to the trouble and folly of all 
public pageantry, yet I was forced by the importunity of my 
company to go along with them, and be a spectator of that 
solemnity, the expectation of which had been so great that it 
was said to have brought some very curious persons (and^no 
doubt singular virtuosos) as far as from the mount in Cornwall 
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and from the Orcades I found there had been much more 
cost bestowed, than either the dead man or indeed death itself 
could deserve There was a mighty train of black issibtants 
among which, too divers piinces m the persona of their ambassa- 
dors (being infinitely afflicted for the loss of their brother) were 
pleased to attend , the hearse was magnificent the idol crowned, 
and (not to mention all other ceremonies which aie practised < 
at loya! interments, and therefore by no means could be omitted 
here) the vast multitude of spectators made up, as it uses to do, 
no srii ill part of the spectacle itself 

» Latin Version of the Above 

Dies crab quo mferebantur tumulo reliquiae illms qui Protectoris 
nomen occupaveiat Me, quamvis neque viri memoriae neque 
operosie publicarum sollemnitatum vaiutatis admodum studio- 
Bum, perpulere tamen sociorum preces ut cum ns spectarem 
pompam illam, quae tam cupide jamdiidum fuerat expccLita, 
ut nonnuUi curiosiores, limatissimo nimirum ingenio homines, 
usque a monte apud Cormibios et ab Oicadibus msuhs viscndi 
causa m urbem progressi essent Intellexi multo plus in funus 
erogatum esse quam pro mortui mentis immo pro mortis ipsius 
dignitate Ingens pullatorum ordo assistentibus etiam quibus- 
dam legatis qui regum peisonas fratrem summo stud»o desider- 
antium sustmerent feretium splenclidissimum , Coronata 
effigies , denique, ne omnia alia commeinorom quae, utpote in 
legum funenbus sollemma hic nuilo modo omitti poterant, 
pars baud exigtia spectaculi fuit, ut fit vasta spectantium 
multi tudo. 


LESSON 18 

Use of the Subjunctive Mood 

O NE of the most difficult subjects m Latin is the subjunctive 
mood English usage gives no guidance and, in fact, 
the sub] IS as common m Latin as it ts rare m English 
In the following sentences, for example, the words in italics 
would be in the subj mood m Latin " It was so cold that the 
water fro^d ’’ (consecutive after ut) " I asked why he dtd tins ^ ’’ 
(indirect question) ' I fear that you ars ill ' He said that 
the man who d^d this should die *’ (dependent verb in Oratio 
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Obliqua). “ There is no doubt that twice two are feur," 
Roughly, we may say that the indicative indicates a fact, vvWla 
the subj, expresses " something which we regard rather as a 
mere conception of the mind, as that which wc purpose or wish 
to be a fact, or to which we refer as the result of another fach or 
as stated on other authority than our own ” 

As a general rule the subjunctive is used m certain classes of 
subordinate or subjoined clauses But it is also used boft h 
simple sentences and in the main danse of a compound sentence 
in the following cases ' 

I. To make a statement in a hesitating manner, some^hnea 
called the potential mood. This is strictly a hypothetical sub], 
with the condition not formally expressed. Hoc dicsre 
I would dare to say this (if I were allowed) 

i. To ask a question, rhetorically, not for information , pome- 
times called dubitative questions Usually a negative answer 
is expected. Quis credat f = who would believe ? 

3. To express a wish or desire (optative or jussive), often 'vith 
utinam ( = would that I). Negative ne. Vhiiam adjims^^t “ 
would he had been present ! Di Carthagimm deleanl =“ 
the gods destroy Carthage 

Only jn*" these classes of sentences is the sub] found in pimple 
ce -pimthipaS senken.t.es \n aW itsY Vi m 
sentences Including those given above, there are eight mam 
uses of the subj. mood : 

1. Hypothetical ; see No. i above. In these sentences tha 
protasis (i.e the if clause of a conditional sentence) is supptessed. 

2. Conditional — e.g. Si jussisses (protasis), fecissem (apd'los*®) 
= if you had bidden, I should have done it. 

3. Optative, jussive, or concessive (see No 3 above). 
imperative is the language of an absolute master ; the subj, 
is a suggestion to an equal or superior " 

In concessive sentence^ a person rhetorically commands or 
supposes a change of what he knows or believes to be tb® ^ot. 

4. Final, expressing purpose (negative ne). 

(a) In adjectival sentences ; Dignus esi qui vincat ^ he 13 
worthy to conquer [b) In sentences introduced b/ (in 
order that), ne, quo, quominus, quin Ede ut vivaS 
that you may live (c) In sentences of time or codd'hon, 
with dum, durnmodo, donee, pnusquam, etc.; '•^‘**^* 

mehmnt ■= let them hate provided they fear. 
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5 GDnsecutive, expres'^ing result , usually with wt = so that 

(negative, ut non) Tam debilts sum tii non anibulare possim ^ j 
am so feeble that I cannot walk Is sum qm tUud faciam = p 
am the man to do that ^ 

6 Subj of attendant circumstances Quae quum %ta 

hoc dico = under these circumstances (lit since which thingi^ are 
bo), I say this Peccamsse vtdeor qm Mud fecenm — I ^eem^ 
to have sinned inasmuch as I have done that 

7 Svibj of reported statements, comprising sentence^ of 
definitions, reasons, and questions, which are given not 
'ipeahey s own, but as someone else’s 

Contrast " Laudat piierum quod fmt abstinens ” (the reason, 
alleged being given on the speaker 's own authority) with “ Latjdat 
pueriim quod juent abstinens (the reason being a lepoite^ or 
assumed one. He praises the boy, because he understands the 
boy to be abstemious ’) 

8 Sub] because dependent on another sub] or mfimyye 
In all such sentences the sub]nnctive simply prevents the speaker 
from being supposed to be responsible for the statements, etc , 
reported, or to be giving them as independent assertions To 
this head, of course, belongs the sub] in Oiatio Obhqya 

(а) Depending on infinitive , 

JkrM M s p.ut lion.iji.tul Mains jisso /he ria_,vs tUa i ±hnse»whx> 
good are happy) 

(б) Depending on another sub]unctive 

Pultt ut ns adfuerznt credamus (he asks that we shqujjj 
believe those who were present) In such a case as this it i^ 
often said that adftienni is attracted into the sub] ^y 
credamus 

Translation 

The following passage, a letter from Cicero to his friend Atticus, 
written m March, 46 b c , should be translated into En^listi 
without coiisultmg the English versiog given below 

" Undecimo die postquam a te discesseram, hoc litterularum 
exaravi egredieiis e villa ante lueem, atque eo die cogita(;,ajji 
in Anagnmo, postero autem m Tiisciilano , ibi unum diem 
V Kalend igitur ad constitutum , atque utinam continuq 
complexum meae Tulliae, ad osculum Atticae possim curr^re 1 
quod quidem ipsum scribe, quaeso, ad me, ut, dum consistg m 
TuMiilano, sciam quid garriat, sin rusticatur, quid scribat aq to 
eique interea aut scribes salutem aut nuntiabis, itemque Pihae 
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Et lamen, etsi continuo congre&suri sumus, scribes ad me, si 
quid habehis 

" Cum complicaiem hanc epistolam, noctuabundus ad me 
vemt cum epistola tua tabeilanus, qua Iccta de Atticae febnciila 
scilicet valde dolui Reliqua quae e'^spectabam, ex tins litteris 
cognovi omnia ; sed quod scribis ' igniculum inatutinum geron- 
tikon ’ (a Greek adjective, meaning characteristic of an old 
man ’), gerontikotei on (comparative) est memonola vacillate 
ego enim IV Kal Axio dederam. tibi III , Quinto, quo die 
venissem, id est pnd Kal Hoc igitur habebis, novi nihil 
Quid ergo opus crat cpistola ? Quid ? cum coram sumus 
et gammus quicquid in buccam ? Est piofecto quiddiin 
' lesche ’ (gossip), quae habet, etiam si nihil subest, collocutione 
ipsa suavitdtem ” 

English Version 

" Eleven days after leaving you, I am scrawling this bit of a 
note as I am starting from my country-house before dawn I 
think of being at my villa at Anagma today, and Tusciilum 
tomorrow Only one day there, so 1 shall turn up to time on the 
28th, and, oh that I could run on at once to embrace iny TuUia 
and give Attica a kiss I As to this veiy thing, do write me, I 
beg you, that while I am stopping at Tusculum I may know what 
she is prattling or, if she is m the country, what she writes to 
you about Meanwhile, either send 01 give her my love, and 
also to Pilia Yet even though we shall meet immediately, 
write to me if you have anything to say " 

" P.S When I was fastening up this letter, your courier 
reached me after travelling all night with your letter. I am very 
sorry, you may be sure, to hear, on reading it, about Attica’s 
fever. All the othei news 1 was waiting for I now know from, 
your letter, but when you write that to want a little fire m the 
morning is a sign of old age,' I retort it is a surer sign of old age 
that one's poor memory ^ould falter ’ For 1 had intended to 
spend the 2gtb with Axius the 30th with you, and the 31st with 
Quintus, So take that for yourself you shall get no news 
Then why write, you say ^ And pray, what is the use of our 
chattering when we are together and saying whatever comes to 
OUT tongues ? Surely there is something in a good gossip alter 
ail ; for even if there is nothing m it. the very act of our talking 
together has a charm of its own " 

Our Course In Lutm is continued in Volume 5. 
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LESSON 20 

Plane and Solid Geometry 

M EASUurMiNis on flat sui faces oi planes are made along®' 
lines winch are either straight or arcs of circle- These 
lengths arc recorded in codes as linear units such as 
jarcls or meties versts or miles or in terms of circular units, as 
ladjaui 1 e in teims of tt in circles of different radii AieaUy, 
on the flat ineasuiements are in square units, such as a sqiiare 
inch 01 squaic centimetre It is necessary to realize that when 
3 feet = I yaid, s’’ square feet = i squaie yaid and since lOo 
centimetres = i metre loo® square centiinetres (i e lo ooo sq 
rm ) = I squaie metro 

Since 6o° go” and 120° are all integial tractions of 360° the 
plane regulai figuies of which these aie the angles, le the 
equilateral triangle the squaie and the hexagon can be repeated 
to cover a section of a plane surface, 1 e can be used to measuie 
areas Cunent practice has for convenience retained the sqii>ito 
as the unit areal shape but there is no thiorctical iiecjessity that 
ne stiQuIili not \rs6 tho oq-aitaterat tiiangte as the nmt Shape Icff 
areal measurement The area of an equilah ral triangle of unit 
side IS i-v'3 so that i triangular areal unit would equal iV3 
^.quare -sin its 

Cubically or solidly, measures are in cubic units as cubic feet , 
it would be possible to devise a cumbersome set of solid measures 
in terras of octahedra and tetrahedra jointly in sets of i octahedron 
and 4 tetrahedra such measures would lack the simplicity 
which attaches to the use of cubes as the solids of unit capacity 
J he relation now is 12 inches = i foot 12““ inches® = i® toot® , 
12® inches® = I® foot® 1 e 1728 cubicrfnches ■= i cubic foot 
Oddly shaped rectilinear figures are the most frequent They 
do not leadily split into square shapes they easily split into 
tiiangles which are most frequently scalene tnangles Hence it 
IS impoitant to determine the relation between a scalene triangle 
and a sqnaic m other words to fix the area of a scalene triangle 
in square measure 

JwQ straight lines meet a third stiaight lint AB at A and a-t B 
(Fig i). If these lines AD and BC are paiallel, then the three 
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lines do not enclose an area — they do not form a figure, If 
AD and BC are not parallel, they will meet somewhere and fornia 
"^triangle of which AB is the base, i e a triangle is determined bya 
vertex (a meeting of two sides) in position m leferenca to a given 
base. The argument may proceed thus 

(i) a triangle ABC and its reveised image CBD on the axia ot 
-^symmetry BC (Fig 2) together form a parallologram, for reveised 

images are the essence of paiallcl lines The shape and size ol 
the original tnangle ABC aie preserved position only being 
changed, and its area is half that of the parallelogram ACDB 

(ii) the parallelogram gives rise to the tri, ingle BED (Fig -5)^ 
where BE is the common perpendicular to the two parallt! 

hues AB and CD , the 
triangle DEB may be 
moved to the position 
CFA , hence the rect- 
angle AFEB IS equal m 
aiea to the parallelo- 
gram ACDB hence 
the shape of the original 
tnangle has been lost, 
but Its area is retained 
as half the area of the 
rectangle AFEB i e 
the area o) a triangle 
is half the area of <i 
rectangle on the base 
of the tnangle with the 
vertex of the tnangle 
on the side of the rect- 
angle opposite to the 
base , in Fig 3 the shape has gone, since the area of the tnangle 
is now determined by the^aize of the base AB in relation to any 
point C in the line FD , we have lost precision of shape to gain 
precision of areal measurement 

(m) a rectangle can be split into a number of equal squares, 
each of which may be regarded as a unit of area hence the aiea 
ot a tnangle can bo expressed in square measure 

Since areal measurement of triangles ignores shapes, an infinite 
number of triangles may have the same area A tnangle ia,iiot 
completely '' known ” when its area is " known " The distanco 
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behveen the base and the opposite side of the rectangle determines 
what is called the vertical height ot the triangle ; hence trianglegB., 
on the same base and with the same vertical height are equal in 
area, but usually different in shape. Hence the araas of triangles 
with the same vertical li eight vary in terms of the bases of the 
triangles. Hence triangles with the same, or equal, vertical 
heights arc equal in area when the bases are equal. Sine#* 
parallelograms comprise pairs of triangles, set to a pattern, 
parallelograms on the same base or on equal bases and with the 
.Same perpendicular distance between a corresponding pair of 
sides are equal in area, 

We now pass to the solid From the three corners of a triangular 
base three lines project. When these lines arc parallel they 
will not meet ; when two are parallel the three will not meet 
m a common point. When the three converge to a common 
point, then the six lines are the edges of a solid (Fig. 4). ABCD 
is such a solid, an irregular triangular pyramid or tetrahedron. 
Such an irregular figure has six unequal edges, four unequal 
solid angles. 

A figure made when two pairs of parallel lines intersect is a 
parallelogram. A solid made when three pairs of parallel 
parallelograms intersect is a parallelepiped ; it is a' brick ' on 
the skew." In Fig. 5, BNCM and QDPA are a pair o'! parallel 
parallelograms. BNDQ and MCPA are a second pair of pai'allel 
parallelograms, and MHQA and CNDP are the third pair of 
parallel parallelograms. B is a solid angle where three faces of 
the solid come together , BA, BD, and BC are the respective 
diagonals of these three faces. DA, DC, and AC are diagonals 
of the other three faces of the solid. ABCD are the corners of an 
irregular tetrahedron. Hence the parallelepiped may be cut 
into five irregular tetrahedra, ABCD, ABCM, CBDN, DBAQ, 
and ACDP. 

In big. 3 the parallelogram ABDC is a skewed rectangle 
ABRh, and the two are equal tn area. But Fig. 3 may be the 
front elevation of a parallelepiped, which is a skewed brick or 
prism, hence the parallelejuped and the prism are equal in 
volume, for the excess to the right of BE could be moved to fit 
CA on the left to comprise the prism. 

Hence, whatever fraction of the area of the parallelepiped 
(Fjg, 5) equals the volume of the tetrahedron ABCD, the 
te|rahedron is that fraction of the volume of the prism equivaleni 
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to tlie parallelepiped, i.e. to the unskewed parallelepipscl, 
,^nskewing alters shape, but not volume, just as in the flat it 
alters shape but not area. The student may find it necessary 

to think out the un- 
skewing in two stages— 
first, from right to left, 
and, secondly, from 
front to back ; there is 
no unskewing upward 
and downward, since 
the vertical hejght 
throughout is pre- 
determined as a con- 
stant. More of this in 
the next Lesson. 

DrllL I. A motor cyclist is lapping a circular track, His 
times for successive laps are i8 and 17 seconds. He raaintams 
his acceleration steadily. What is his time for his third lap ? 
If his initial average speed for the first lap is 30 m.p.h., what is 
his speed in m.p.h. for the third lap ? 

2. At what rate of compound interest per annum would ^735 
amount in 4 years ? 

Revision- Revise the argument of Lesson 22, Vol, 3, p. 492, by 
which the relation between the volume of a regular tetrahedron 
and its containing cube was established. 

Expansion. A spot of light is known to be moving round a 
circular track. An observer sees the light moving baclcwards 
and forwards between A and B. the extremities of a streiight line 
AB. He can determine the apparent rates of movement of the 
.spot of light. Determine the relation between the apparent 
and actual rates of motion of the spot of light. Plot a diagram 
hi illustration. 

Solutions to Problems In Lesson 28. 

Drill. 1. (i) 30X + 20 ; (ii) 4.x^ — 6x* — 26x — 14. 

2. (i) 2/ (m 4- i)® ; (ii) — CA/ (B — Am)’. 

Revision, i. M does 1/105 per hour ; N does i/ri2 ; together 
they do 31/1680. Ans, : 5),^ days. 

2. Let the unit be the wages for a boy's hour’s work. The man 
earns A/B when the boy earns i. If A/B is less than i, the idea! 
team has no boys. If A/B equals i, the ideal team has any 
number of men with any number of boys. If A/B is greater than 
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I, the ideal team has no men If the team must contain both 
boys and men the ideal team has B men and A boys 
Expansion In Fig 6 O is the centre of the ciicle AB = BC! 
= CD = a side of the inscribed " gon ” EF = = a side ol 

the circumscribed ' goii ” OA = OB = OC = OD = i let 
angle BOH = a Then area of AOB = HO HB The area of 
FOI' = EB BO Ihe geometiic mean of these areas =; 
Y'HO HB EB BO = \/sina. cosa tana = sinx Hence the G M 

IT 

for an n gon = n sin " , for a hexagon = 6 sin 30 =3 , for an 
octagon = 8 sin zzj = 3 05 

At the limit of experience when n is very large, the angle is 
very small and the angle and its sine are equal, and the G M , 
then = IT Also the insctibed and ciuu inscribed gons ” 
are, then, almost indistinguishable from the circle all of area r 
But IT was put into the argument as the ratio of the diameter 
of a circle to its circumference, and ir emerges from tlie argument 
as the ratio of the area of a circle to the square on its radius 

LESSON 30 

Measuremeni of Volume' . 

T he measurement of the areas depends upon (1) the square , 
(11) the fact that a rectangle can be split into an integral 
number of squares provided the unit of length be such 
that the length and breadth of the rectangle can be measured 
as integers , (m) the fact that any triangle may be suitably 

‘ enclosed ’’ within a rectangle, so that the area of the tnangle 
is half the area of the enclosing rectangle , (iv) the fact that any 
irregulai rectilmeal figure i e , an n-gon, can be split into a 
fixed number of triangles, one for gach rectUmeal side of the 
hgnie , hence square measure is a suitable measure for areas 
of rectilineal figures By combining the conception of r as 
a definite deteimiiiation of the essential relation between a circle 
and its enclosing square, it is possible to use square measure on 
the V scale to measure the areas of circles The areas of other 
curved figures are found upon suitable scales when the area of 
the shape has been related to the square-shape and a constant 
such as T has been determined The whole process lies in the 
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determination of scalar relations between standard shapes, so 
^that 2k is the area of a shiipe which is such that unit shape has 
area k square units, e.g., 2 is the area of a circle and the siae 
of the circlefareally is twice the size of a circle which has an 
area of i square unit 

This argument may be extended to the measurement of 
■^zolumes. The rectilineal unit is the cube. The "brick" solid, 
the normal box shape with length and breadth and height in 
three dimensions at right angles, can be split into an integral 
number of unit cubes , this implies that each of the six faces of 
the brick has an area which can be measured integrally ini>the 
corresponding square units A skewed brick is a parallelepiped 
If ABCD and MNPQ are two parallel faces of a parallelepiped 
and X be any point in ABCD, then XMNPQ is a pyramid with 
base MNPQ of constant area in square units and with a vertical 
height determined by the fact it is the fixed height ot the solid. 
Let the area of MNPQ be D square units, and let H be the fixed 
height, then the volume of the parallelepiped is HD cubic units 
and the volume of the pyramid XMNPQ is kHD cubic units 
where k is a constant for the relation between the solid shapes 
of pyramid and enclosing parallelepiped , k is, therefore a shape- 
ratio universally true, and is the extension into volumes of the 
similar ratio i, which is the shape-ratio between triangle and 
enclosing parallelogram. 

In the pyramid XMNPQ the base is a parallelogram MNPQ, 
so that the pyramid XMNPQ is twice the volume of the pyramid 
XMNP, which is the simplest pyramid-shape, i.e., an irregular 
tetrahedron. 

Any rectilinear solid with n-faces each a triangle can be split 
into n-tetrahedra , hence the volumes of rectilinear solids can 
be measured in cubes as soon as the essential relation between 
the cube-shape and the tetrahedron-shape is known. • 

In Lesson 22 (Volume page 492) it was shown that a cube 
of unit edge could be split into a regular tetrahedron of edge 
ya, with four laces each of area JVd square units, and four 
pieces which fitted to make half an octahedron of edge VSi 
i.e,. tour times an octahedron of edge 4V2 ; and that, since a 
tetrahedron of edge ya is twice the volume of an octahedron 
of edge jy2. the tetrahedron of edge ya is a third the volumo 
of a unit cube. Whence it was determined that the vokiuie-of a 
regular tetrahedron was equal to one-third the product of khs 
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base area and the vertical height. But a .skewed cube is a parallcle 
piped, hence a parallelepiped contains an irregular tetrahedroi^ 
hence the ratio one-third is the shape-ratio universally true for 
the relation between tetrahedron-shape and cube>-shape 

Inegular tetrahedra can be measured volumetrically in cubic 
measure, hence rectilinear solids can be measured volumetrically 
in cubic measure. 

Hence spheres and cylinders can be measured volumetiically 
ill cubic measure on the ^-scale, and other solid shapes can be 
simihiily measured in cubic measure provided the .suitable shape 
rahtis can be determined. 

All tills means that the customary use of long measure, square 
measure, and cubic measure depends initially upon the shapes of 
a stiaight line, a square, and a cube, and that the extension oi 
these measures to other shapes depends solely upon the possibility 
of delermining the shape-ratio between the other .shape and the 
straight line and the square and the cube, i.e , upon the deter- 
mination and tabulation of shape-constants such as n. 

The student is advised to extend the following summary : 

(1) In 2 dimensions the aica enclosed by joining a point to the 

2 ends of a straight line equals ^ the area of the parallelogram 
which encloses the triangle so made. ’ 

(2) In 3 dimensions the volume enclosed by joining a point 
to the 3 cornel s of a triangle equals J of the volume of the parallel- 
epiped which encloses the pyramid so made. 

(3) 'llie area of a parallelogram equals the area ot a rectangle 
on an equal base with an equal vertical height 

{4) The volume of a parallelepiped equals the volume oi a 
prism with an equal basic area and an equal vertical height. 

(5) At the limit of experience a circle is a regular n-gon i.e., 
a regular figure with an infinitely large number of equal edges 
each infinitely .small , hence the volume of a cone equals J of 
the volume of a cylinder witii an eqiThl basic area and an equal 
vertical height. This is also the relation between a skewed 
cone and its enclosing skewed cylinder But solids have surface 
area as well as volume. 

(6) The surface of a cube =6 times the area of each face, ff 
the edge=M, the surface —61VB, the volume. =M®. 

(7) The surface of a regular tetrahedron =4 times the area 
of m.cl\ face If the edge=N. the surface = v'3N'*, the volume = 
i' 2V2 N® ; and the enclosing cube has an edge Jy/a N. 

( 463 ) 



mathematics 30 


f8\ == for a cube M/6, for a letraliedron V 6N/36 

' Surtace area 

, , . = vertical height =M. 

(9) InacuJje. area 

volumes 


surface area 
vol. , 


(b)^“=V2; 

edge 


(10) In a regular tetrahedron . I^/ 9 i te,, 

vertical height=V^^/ 3 ' 

tetr ahedron . . . 

(i i) Ratios . cube vol. 

, , height aV3 

height 3 

TiianelBS have inscribed and circumscribed circles. The 
ceSe of the in-circle is the pamt of corrcurrency of the brsectore 



of the angles (Fig. i). The radius =NP«r. The area oi the 
triangle ABC=r (semi-perimeter of the tnangle), hence 

r==i/s V3(s — a) (s— b) (s— c), 

■whence r= a) (s— b) (s— c) 

The centre of the circuni-circle is the pomt of 
Che perpendiculars at the mid-points of the sides, so that th 
sides are chords of the circuni-ciicle (Fig. z). 

The radius =XA=R. Angle AXM -angle B. 

Hence zR “'sin C’ '“'sinX 

In Fig. 2 area of ABC = iAP.a =i ac. sin B, i.e.. area of ABC - 
abc/aR. 
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But area of ABC =rs. Hence R.r, =abc/4B. Regular tetra- 
liedra have three spheres ; inscribed, circumscribed, and " mi^a, 
side,” 

Fig. 3 is the cross-section of a tetrahedron. NP»=2 ==the edge 
of the tetrahedron. MN=MP = \/3 =poH’e'idicular of a tri- 
angular face, so that MR=J-v' 3 . RP=-|V' 3 . and NR=fV6. 

K is die common centre of all three spheres, so that NK=^ 
KR = ,t NRj whence NK=Jv'6 and KR = i-\/S- 

MS = V- i =KS = 

KN = i-\/f>= radius of circum-spbere =R 

KS=A '\/2 =-radius of raid-side sphere =m 

KR radius of inscribed sphere =r ; i.e., R=mV3=3r; 
or III =-\/K-r 1 r.e., the radius of the mid-.side sphere is the geo- 
metric mean of the radii of the in- and circumspheres. 

The volume of this tetrahedron, of edge 2, = 1 ^ 2 , and the area 
of each face = V 3 - But R=f of the vertical height, f of 2/3 

■/6=| VS- 

Drill. Find the surface area of the tetrahedron ABCD, 
when it is known that AB=4, AC =5, AD =6, angles BAC = 
70', CAD= 0 o°, DAB =50°. 

Revision, i. Solve the equation x— y=3, x“— y^=ii7. 

2. Use the solution of (i) to solve : * 

(i) (x+ 3 }“-(y- 2 )*= 4 o: x=y- 3 ; 
fii) (x-n)^-(y-l-p)=’=a ; x-y=b. 

3. By substituting z for— y in (l) solve the equation x“-|~z“ = 
117; x-i-z=3. 

Expansion, m^' steps down to 3m*, 3m'“ steps down to 6m, 
Use these relations in connexion with the volume, surface area, 
and vertical height and length of edge=x of a regular tetrahe- 
dron to’flnd a tetrahedral constant T of the same character as 
the circular constant ir. 

Solutions to Problems in Lesson 29. 

Drill. I. Let D=lap distance in yards, V =fiist lap speed in 
yards per second ; then D = i8V ; second lap speed = i8V/i7 ; 
acceleration=V(l/i7“) in yards per second ; let T =time in seconds 
for third lap; then speed for third lap =V(i8/i7-|-T/i7^) ; 
whence T-— (i8.i7“)/(i8.i7-fT) ; whence T = i6.i5 and speed in 
mifes per hour for the third lap=33|^. 
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M M 



a'~ 

- , j 


S 


t 1 

1 1 

1 1 

• 1 

; N' 

J 

rig. 4 


2. By logs 873 735=1-043. whence rate=4-3% approx, 
.►.Rough cl\eck . S I on /535 (a), 4-3% for 4 years 25 

Expansion, nnuv AB and a circle with AB as diameter as 
in Fig. 4. From Ins observations M, N, P, are successive posi- 
tions apparently in AB. Project 
lo the circle. Let 0 M = |A 13 =J, 
then KO=AO— AK. KO^cos 
AOM. KO can be deterinined, 
hence angle AOM can be deter- 
mined, hence arc AM is determined. 
Similarly arcs AN and AP cap bo 
determined The times for the 
true motion from A to M and 
A K 0 B from A to N are observed. The 

triiB distances AM and AN are known as a ratio ; whence 
the comparison ol the ratio between the observed times and 
the ratio between the true distances determines the relation 
between the apparent and the actual speeds. 



LESSON 31 


Natural Numbers and Their 
Summations 


T he counting scale gives us the natural numbers : 1, 2, 3, 4, 
etc., which we divide into the odd sequence i, 3^ 5, etc., 
and the doubled odd sequence, i.e. the even sequence, 
2, 4, 6, etc. In the sequence of natural numbers the nth term is n ; 
in the sequence of odd numbers the «tb term is (an — 1) , in the 
sequence of evens the nth terra is an. Since the jumps from 
term to successive term in these sequences are regular, the 
principal of the average is applied to their summation. The 
average of the first n natural numbers is J (n+i). The sum of 
the first n natural numbers is Jn (n-j-i). A new symbol now 
appears ; s for sum of ; so that in code 

i-f' 2 -f 3+4 + - • • +(n— r) +11=40(0+ 1) =2111 
In the sequences of the powers of the natural number.?, e.g. 
I, 4, 9, 16, etc., i.e. the squares, the jumps are uneven. It is 
teuuired to find the sum of the first n squares 

“=(iHa“+3H4‘+ + (n-i)“+n“) 

n®— (n— i)®= 3 a'‘— sn+i 
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3 ® — 2® =3 3^—3 3 + 1 

23 — 18 =323—32+1 

jS— 0® =3 l 3 — 3 1 + 1 

By addition kcoping the two sides of these equations apait, and 
supplying menially the intervening steps between n^ — (n^i)* 
and 33-2', 

=3111^ — 3J.n hn whence 

32 n®=n®+ 3 in— n 

= ii'' + 3 (in(n + i) )— n whence 
Sn“ =Jn (n+ i) times ^ (2n+i) 

The sum of the rubes may be similaily found 
n'l- (n — i)'' =4113 — 6n* + 4n — 1 


31-21 3 a _5 3 _I 

2i_li =4 i 3 — 6 23 p4 2 — j 

ji-o^ =413—613441—1 

+ = 4 ln 3 — 62 n 3 + 4 ln — n 

Su” t=[n 3 (n+ i) 3 =the square of Sn 

The results similarly obtained may be summan/ed, using ,1 
new code symbol 3 I is called factorial 3, and is the code 
symbol foi the continued product of the first 3 natural numbeis, 
so that 31=6 and 4 1 = 24 and 7 I = 5040 and 1 2 I = 3^79001 600 
The dimensions of fectonaf 99 may be infeiicd from tfie'foifowing 
log 99 I = 155 97000365 
2n =in (n+i) 

" 1 

2 n 3 = — n(n+i) (2n + i) 



ii 3 {n+ 


1)3 


= (sn )3 


sn<=^n(n+i) (2 + 1 ) (3n3+3n-i) 

, =-^( 3 n^+ 3 n-i) 2 :n 3 

60 

in3<=g~jn3(n+i)3 {2n3+2n— i) 

=-J)( 2 n 3 + 2 n — i) sn® 

The student is advised to try the method by working out 
in* or in® for himself and checking his result against the sum- 
marized values 


peclpiocals. 3 and J are recipiocals , their product is unity 
I find t are reciprocal Tan A and cot A are lecipiocal We use 
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0 new symbol for the reciprocal, a minus in the indejr, 3+1 jtui 
3 ”^, X® and x"®, m* n“** and n’ are reciprocal pairs. 
Reciprocity of this character appears in logs thus : 

^ iq’ and io“’ are reciprocals. 

If 10* =A and lo"* =B, then A and B are reciprocal, i.e. log A a 
X and log B = — x ; this means that logs which add to zero are 
<-logs of a reciprocal pair. 

log 3 =<i- 477 i. log J= -0-4771 =1-4329. 

Hence the following table : 


n 

n 1 


log n 1 

log^ 

I 

n 1 

1 


I 

0*0000 

0-0000 

I 

2 


2 

0*3010 

1-6990 

0‘5 

3 


6 

0*7782 

I- 22 i 8 

0*16666667 

4 


24 

1*3802 

2-6198 

0*04166667 

5 


120 

2*0792 

3-9208 

0-00833333 

6 


720 

2-8573 

3-1427 

0-00138889 

7 

5 

040 

3-7024 

4-2976 

0-00019841 

8 

40 

320 

4-6055 

5-3945 

0-00002480 


,362 

880 

5-5598 

6-4402 

0-00000276 

r IQ 

3 528 

iSOQ 

5-5595 

7-4402 

0-00000028 


Obviously, the increasing size of the values in column 2 shows 
that the sum of successive factorials increases not only in- 
definitely, but with accelerated rapidity, 

Equally obviously, the increase on the number of 0.0000 in 
column 5 shows that the sum oi successive reciprocals of factorials 
tends towards a constant, for the increments per term in the 
summation diminish with accelerated rapidity ; this constant 
is one of the fundamental constants of the universe, and is 
universally known by the code symbol e, so that 


e==iH-_4-- 


I I I I 


etc. 


The sum of column 3 above is i-yiSaSiSo, whence an approxima- 
tion for e = 2-718383 , . . 

It will be obvious that if columns i and 3 are printed in a book 
of reference tables the other values can be readily obtained to the 
degree of accuracy given by column 3, 
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natural numbers 

A second method of detemlning the value of e coniee about 

^^'‘'fr+3,)»=^i+nx+ n(n-i) xH n(n-i) jn-z) etc. 

2 I 3 I ' 

Let n be the largest number possible at the limit of experience, 
■ and let X be the reciprocal of n ; then 

/ i^" =oi+n + n(n— i)+n(n — i) (n— 2) 

('+;) 


n n“ 


3 1 


-hn(n-i) (n-2) (n— 3) 


4 1 o'* 


and so on, and this simplifies to 

etc. 

but at the limit of experience i is indistinguishable from 
“ -=0 (Result A) 




When the number of terms is infinite similarly 

/ Ix 'ui=.i4-x+x“‘+x^ etc.«=>e^ (Results) 

I'+h) 71 Fi 

whence it follows that e‘‘=>i and e *=^=o 
and, also, that 

e“=i + axH-a'*x*4-aV+<^^ etc. (Result C) 

2 I 3 I 4 ! 
and 

e'''‘=i-|-bcx+b’c^x®+b® ’x^ etc. 

2 I 3 ! 

whence, when e' =a so that c =logoa ■* 

a’’^ = i+bx logaa+ (bxlogea)° + (b>xiPgea)° etc. 

2 ! 3 ' 

(Result D) 

The results A, B, C, D should be tabulated and memorized. 

Drill. Tabulate the next values for n = ii, 12, 13, 14, 13 
from the table above, 
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Revision. A rectangular lank is lo ft by 5 ft by 4 J4 
its capacity lor water ui gallons given that i gallon = ^ i5o« 
cubic feet ? Make a table showing the 1 eduction in wat^r capacitv 
when the base oi the tank is fixed at slopes of 10°, 150^ 
to the horizontal. 

Expansion. Use result B and hnd values for e s'* e“ gi gir ^^4 
‘|eir Make a table showing these results, their logs the logs oi 
their recipiocdls and their reciprocals Work to four pkces 
of decimals 

Solutions to Problems in Lesson 30 . 

Drill 1 Use the cosine lule to find BC = y’z , 

BD = 4'6 For area of ABC use ^BA AC sinyo, ^nd so on 
Area ABC = 9^4 , CAD = 7-5 , DAB = 8 For aiea BCD use 
the " s— ” rule Area BCD = ii-i Total 36 square units 
Revision i. Let x — y = a and x'* — y’ = b , tlien x'+xy 
+ys = b/a , xy = (b — a’)/3a , (x + y)“ == 4b — a“ 

^ F’ 



Substituting x=-^(3 ±7), i.e. x=5 or —2 , y=2or —5 
a lf 7 i /.¥ i-3} =.CD, ly —3} =s , thao .ro“ — st-s 

—2, whence in=i±JVt 9 and n = — i± 4 \/i 9 , whence 

x = -2±JVi 9. and y =13:1^19 

(ii) Let X=x— n and Y=y+p, then X*— Y®=a and X— Y 

— b— p) , whence 

3 a si 

x=^(a+2n± /4(b— n— p) — a®\ and y =,! 

^ 3a 3 i 

J{— a— 2p± y^4(b— n— p] — a®\ ; whence, 3, 

^ 3a 3/ 

x=5 or —2, z = — 2 or 5 (Note the order.) 

Expansion Vol. of tetrahedron of edge x® Step- 

ping down from this ome, we gel iVa x® , twice, Jyi x , thm 
times, I1/2 Of these expiessions ^i/ax is the i^lge of the 
enclosing cube, hence the constant for which we search might be 
\/2, the relation between the side of a squaie and diagonal, 
which we have already symbolized as " S ” But the investiga- 
tion IS complicated by the figuie 3 for 3 has a double gignifical ce ! 


=b— n— p, whence X (a±: /4(^ 
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(fl) a numerical 3 belonging to the stepping down from volumes 
to areas, and {b) a value due to the equilateral shape of fhe 
faces of the tetrahedron. This suggests that the constant 
requue is so that T =“ SE " , on this scale, the 

tetrahedral scale, this constant T gives the following formulas ; 
Tetrahedral formulas m terms of a constant T when the edge 13 x 
Are.i of one face =. ^v'2Tx®, surface area =» J-\/2Tx® , height 
=oitTx , volume =■ spherical ladii, circum =» iTx; 

in Tx , midsidc VVsT’r 

Compared with the corresponding values for a cube, these 
results give this interesting table 

Given the edge of a tetiahcdron = x, the edge of the enclosing 
cube = V2x = lrV3Tx. 


Values of 

Cube 

Tetrahedron 

Ratios 

Area of one face 

,’iV6Tx> 


iV3“iV2T 

Area of surface 

^v'6Tx» 

i-V'2Tx“ 

iV3=iV2T 

Volume 

. ,\.V3Tx» 

I'ii v'sTx* 

i =i'sV6T 

Height 

• i\/3Tx 

JTx 

f \/3=iv'2T 

Radii " circum " 

iTx 

iTx 

I =iV6T 

II “ in " 

. t'gVSTx 


iV'3="iV’2T 

„ “ mid-side ” 

iVVSTx 

(‘■iVsTx 

iv'2=^V3T 


v'aT-ST=Sm; yjT=ET=SE»j y6T=T!>=S“E“.- 


LESSON 32 

On Logarithms 

C OMMON logarithms are the indices of 10 ; Napierian 
logarithms are the indices of e. 10 is the base of 
common logaiithms; e is the base of Napierian 
logarithms. Logarithms are a dovwe for the substitutioii of 
multiplication for addition. 

e == (I 

n 


X"* 

2 I 


e’' = I + X + -1-T^ + — -L 


e =1 2-7182818. 


314 ! 5 
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From which it has been calculated {see Expansion, Lesson it 
and below) that e® =7-3891, which may be written log^ 7-3891 =2 ; 
"Lnd, similarly from the table below : 


logs 2-7183 = I : log, 0-3679 ■= - 1 1 log, 0.1353 = 
log, 20-0855 = 3 ; log, 0-0498 = - 3 : log, 54-5982 =^4; 
log, 0-0183 = -4, logo 23-1407 : logo 0-0432 = -‘’■I 

log, 4-8105 = }ir ■ log, 0-2079 = -^TT. 


a’'^ = I -h bx log,, a + 


(bx log„a)2 (bx log„a)'> 


~ etc, 


In this expression, write (i + x) instead of a and c insteail oi 
bx ; then 

(i + x)' = I + c log, (i + x) -t- ^og, (I -h x )2 etc. 

2 1 

But (1 + x)” = I + ex + 

2 1 


+ 


c(c — I) (c — 2) 
3 1 


x^ etc. 


on the condition that x is less than i, 

This la^t expression may be rearranged in reference to 0 in 
-thia, -saaswisx 


{I 


+ x)® = r + c 



X* 


4 



) 


Since x is less than i, the coeliicients of c are equal, so that 

X® 

log,(l4 -x)==X-- + -__+ -- - 

This is result E — another result to be memorized. 

This result is used in the calculation of Napierian logavjll'nis. 
If X = J, then tog,, f = log 3 — log 2 = —iti)* - 


the pcisihvi 'ernis 
i = 0-5 
lay = 0-041667 
,U4)' ” 0-006350 


the negative teyms 

M-if =o-i 23 
= 0-0151125 
iiiy “ 0-002604 
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^(4)’ =o-ooiii6 
= 0'0002I7 

t \ (W^ = 0-000043 
= o-ooooog 


^(^)8 =5 0-000488 
^5(1)“ = 0-000098 
= 0-000020 
11(1)^“ = 0-00,0003 


0-349302 0-143840 

difference = 0-4053 (approx.) 

Similarly, by taking x = | 

log,, 4 - log„ 3=2 logj 2 - logj 3 = 0-2877 

Combining these results, \vc get 

log,, 2 = 0-6932 and log„ 3 *= 1-09S7 
Whence vve deduce that log„ 4 = 1-3864, log^. 8 = 2-0796. 

logo 6 = 1-7919 log,, 9 = 2-1874 and so on. 

These results are inaccurate for the lourth figure ; more 
correct results may be obtained by talcing the difference as 
0-40546. 

Obviously, such calculations are tedious. 


Since 


logs (I + x) 





4 


X® x^ 

then logp (i — x) = — x — 

234 


wbenoe log. 


(I + X) 

(r - x) 


, , x’ x® x’ 

= 2 (x -4 + - -] 

3 5 7 


.) 


Whence if x - i, log, ^ = log, 5 - log, 3 


I = 2(0-2354137) =*0-5108274 


0-25 

o"oo52o83 
= 2 i 0-0001953 
0*0000087 
0-0000004 J 
But log, 3=1-098612 

log, 5 = 1-609439 

and log, 2 = 0-693147 

so log, 10 = 2-302585 

wbfjJice, by division, the reciprocal of log 10 = 0-434294 = but 
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login N ^“8. N(o- 434294}, whetica, to 

■=“ log„ 10 2.302585 

ciiange a logarithm from base 0 to base 10, multiply by (o’434294)^ 
which IS called the modulus of the common system of logarithms; 
e.g. I '6094 times 0^4343 0-6990 = logm 5. 

I N -h I (r -f x) 

r' If X — then i — = -r r 

2N+1 N (I ~x) 

N + 1 

whence log, — ^ 


(- 1 - 
VaN + I 


whence logi, N + i = 


4- i -1 1 

^ 3{2N + 1)“ 5 ( 2 N -h i)!*- 


+ I 3(*N + i)® 


N - 1 - I 

Let N = 100, then — rr“ “ 

N 

log,,, 100 =“ 2, 

logy, I 01 =24 + 3(8120601) } 

' °' 43 i ;9 , 0-43429 

too-5 12180901-5 
= 0-00432134 + 0-00000004 
«= 0-00432138 


N + 1 

N 

I 

Difference between 

N 

2N + I 

successive terms 

I.OI 

1 00/ 1 

1/201 

200/(202-201) 

1.02 

100/2 

2/202 

200/(202-201) 

J.03 

I -06 

100/3 , 
100/6 

3/203 

6/206 

200/(203-202) 

1-07 

100/7 

7/207 

200/(207.206) 


The above table disregards the terms etc., since they 

are not likely to affect the first four significant figures 
ipg i-oi =1 2u,(i/20i) => 0-004321. 

The jump from log i.oi to log 1.02 

«= 2;i(20o/202.20r) 
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= 0.004321(200/203) 

= 0.004278 

logI-o2 = 0-004321 + 0-004278 = 0-008599 = 0.0086 
The next jump, similarly = 2 ^( 200120 ^. 202 ) 

= 2,u{2/202) times 100/203 
= 0-008599 times 100/203 
= 0-004236 

log 1-03 = 0-008599 + 0-004236 = 0-012835 = 0-0128 
The logarithms are correct to four significant figures, 
log [-06 = 2/1(6/206) = 0-025288 = 0-0253, 
heiioe log 1-07 = log i-o6 + log i-o6 times 200/(6-207) 

= 0-025288 + 0-025288 times 100/621 

= 0-025288 4- 0-00407 

= 0-0294 ; which is correct to tour figures. In this maimer, 
the whole of the customary printed four-figure logarithrnic table 
could be consti'ucted ; the process -would be ao lengthy tha.t it is 
worth while to have these tables calculated once Cor all, 

The computation of the reciprocal or antilogarithmic tables is 
a similar tedious process which, once done, is done for always. 
These logarithmic tables, either to base to or to base e, are but 
convenient scales on which calculations may be simply made. 
Their use is fairly simple, but their theoretical basis* find their 
computation require more comprehensive knowledge ; hence 
many students are able to use the scales without comprehending 
how th^y came into being or why they are accurate They 
thus become a tool for the use of the practical man. 

The process of reciprocity has arithmetical significance in 
relation to contractors' estimates of the composition of their teams 
of man-power with reference to the completion of jobs within 
specified periods. 

It is assumed that A units of power, i.e. men or navvies, who 
can do a job in N days, do i/N of the job per day, and that 1 
man will do i/AN of the job per day. 

If 3 men will do a job in 5 days and 7 men will do the same job 
ill 2 days, it does not follow that 10 men will do the job in 7 days, 
nor does it follow that 10 men will do the job in 3^ days, or in , 
2| days, or in r day ; the process of compounding the two teams 
Involves a mental step which is not recorded in the arithmetical 
codp. The first team does 1/5 of the job per day, the second team 
do- s ^ the job per day ; both teams would do 7/10 of the job 
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per day ; hence both teams together -would complete the job lu 
^.xo/y, i.e, i| days. It will be obvious that the assumption that 
oAe man’s -work per day is a constant quantity and is equal to 
a-ny other man's -work for a day is not 8atisfi.ed. A man in the 
first team does on the average for the three men, as well as on the 
average for the five days, a constant piece of work, which is 
♦tneasured as 1/15 of the job ; similarly, a man in the second team 
is rated at, on the average, 1/14 of the job. These assumptions 
in-ust be made or no calculation at aU would be possible ; hence 
computed values of this character are very approximately true. 

If two men A and B can together complete a job in 4^ days, 
and B and C can complete the job in 4^ days, and C and A can 
complete -the job in 4J days ; then the daily doses of labour are 
2/9, 4/17 and 4/19. Hence twice the work of the three men per 
day comes to the total of these fractions, which Is 1942/2907, 
and the three together would do the job in, roughly, three days. 
By computation they would take days. Working in 1/2907 
of the job, A and B do per day 646, A and B and C do 971, hence 
C would do 325 ; similarly, A. -would do 287, and B 359. These 
are the relative ratings of the three men. so that B appears to be 
25% more capable than A. Another form of the rating is to say 
tha-t to complete the job worldng alone A would take - 

B 8^‘j6;r aays. C days. 

Drill. 1. Calculate logs 27, 28, and 29. Check the result by 
the tables. 

2. Given log 5000 = 3-6990 : calculate log 5001, 5002,’' etc, 
Check the result against the different values in the log tables. 

3. If A and B could do a job in 16 days, B and C in 16J days, 
and C and A in 17 days ; find a rating for the relative abilities 
of A and B and C, and make up the best team of men at these 
three ratings capable of doing the job in a day. 

Revision. I . Show that the common chord of two intersecting 
ciroles is bisected at right angles by the line of centres of the circles, 
2. Dra-w the four tangents common to two circles which do not 
touch or iutersect. Find the properties of these tangents. Given 
the radii of the circles as R and r and the distance between the 
centres of the circles as D, find the lengths of the portions of the 
tangents heriveen the points of contact with the circles. 

Expansion. A hollow sphere has a thickness T and an internal 
diameter D. Find an expression for the ratio betweeni the 
volume of the solid thickness in terms of the internal omptinsss. 

( 476 ) 



ON LOGARITHMS 

If V be taken as loo cm,, find values for the volume of the thick’ 
ness when the thiclcne.ss is i cm., and for the increases in vold®*^ 
when the thicknesses increase from i to 2. 3, etc. 

Give the answers as decimal fractions of the intejrnal volu™®* 


Solutions to Exercises in Lesson 31. 

Drill. 


n 

n ! 


log n 1 

I 

log — 

I 





n I 

n 1 

n ^ 

30 016 

800 

7 6012 

8 .3 q88 

0.0000 ooo230‘;^I^ 

]2 

479 001 

600 

8 6803 

9-3197 

0 0000 0000208^^® 

13 

6 227 020 

800 

9 7'>43 

TO 2057 

0 0000 oooooi 6 d 59 

14 

87 178 20T 

200 

10 9404 

It 0396 

0 0000 ooooooii 47 

15 

I 307 674 368 

000 

12 1165 

13 8835 

0 0000 oooooooc ’77 


Revision 200 cu. ft. = 1245 gallons. 

In the Fig, let a = the angle of slope, then x = 10 tan ® » 


B 


area lost= 5 x= 50 tan a ; reduction in capacity (50 tan a) /40 
i.e. when a = 10 reduction = 0-22 = 22% 

15 0-33 = 3304 

20 0-455 = 45F/0 

E.xpansion. 


Numerical 

value 

Log 

Lyg 

reciprocal 

Reciprocal 

e 

2-7183 

0-4343 

^5657 

0-3679 


7-3891 

0-8686 

^1314 

0-1353 

e^ 

20-0855 

1-3029 

2-6971 

0-0498 

e^ 

54-5982 

1-7372 

2-2628 

0-0183 

e”- 

23-1407 

1-3644 

2-6356 

0-0432 

e'T 

4-8105 

0-6822 

1-3178 

0-2079 


( 477 ) 





MATHEMATICS 


LESSON 33 






MORE ABOUT THE TRIANGLE 

the a, b, c code for the lengths of the sides of ABC and 3 for the 
semi-perimetei of ABC, it follows that 
AT=AW =s 

AM=AQ = (s-a) , BM=BN=CV=CT = (s-b) ,* CQ=CN = 
BV=BW={s-c) 

MW=Ql=BC=a 
NV=a~2(b— b) ={b— c) 

OM-ON=OQ=r= ^/^(s-a) (s-b) (s-c) 

Ff=PW=PV=R=- v/r-^ (s-c) 

(s a) 

All these facts are depcMident upon the constructed shape, 
ami aie reUtise to each other, but as yet of no dimensional value 
m the given figure since they are not referred to the fixed dimen- 
sions 0 and D 

Similaily using the general code for angles. A, B C, 
PAW=PAT=iA, NOP=OPV P-^C, AOQ=AOM=. 

APr=APw=jB-t-jc vpr=c, qon-a+b qop=- 

go'-JA VPW = B 

Combining the codes and still keeping to geneialuations due 
to the given shape it follows that 

since Hi— cos A) =^(s— b) (s— c), 
be 

^ A /(s-b) (s-c) 
sui 4 A= 

I / s(S“3,^ 

since 4(i-tcos A) =— s (s— a), cos AA = a / — ; ; tan JA 

be ' be 

/ (s-b) (s-c) 

■V ^ s(s-a) 

Since b/c=siii B/sin C , (b±c) /c=(3»n Bism C)/sin C; (b — 
c)/(b-l-c) =(sin B— sm C)/(sm B-1-sin C)=(tan 4B— iC)/(tan 
4B+iC)=(tan 4B-4C)/cot4A 
tan4(B-C) = 

(^^/s{s-n) (s-b) (s-c)) (b— c)/(b-t-c) 

There is still another general relation Since PBO and PCO 
are .right angles, the circle with OP as diainetei cuts AW at 
B and AT at C 
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Applying the geneial facts to Ihe particulars given, le. JAag 
and OP=I), it follows that a=D cos e Hence the paiticulais 
^iven suffice to fix only the length of the base” of the lequned 
triangle, and are, therefore, insufficient to fix the tnangb 
completely. 

If BC be considered as the fixed base so set in position A may 
reoccur anywhere upon the larger aic of the ciicum-circle of the 
triangle ABC, i e A is not fixed in position in lefeience to the 
position BC 

If TAW be considered as the fixed position than, so long as 
OP IS constant in sire, it may happen anywhere along the axis 
of symmetry, and will for each position yield two bases far the 
triangle , these bases can be obtained by cross-30ining the points 
at which the circle with OP as diameter cuts AW and A 1 
To deteimine a triangle it is, therefore, necessary to fix precise 
information which will determine b or c, foi since (b— c) occurs 
m the hgure, if either b oi c is given, then c or b can be determined 
Similarly, since ], A =e, A is known , if B oi C be given, then the 
shape of the triangle is known, and the tiiangle of given shape 
on a given base is fixed The data given yield an indeterminate 
solution 

rt 2^3 2^4 

Since 6''-=! -fxH — -d — - h-retc 
2l 3> 4' 

cL X 

_(e^)=o+i + x+-+-+-,etc. 

=6* 

The differential coefficient of e' is e^ This statement is the 
law of compound mteicst 

A principal P at i % compound interest per annum in t years 
yrelds an amount A, then A/P = /i-k i x' 

V 100/ 

If the umt of time be ipr/ioo when n is very large then APe 



but P may be taken as then ,^A=e^-^ whence amounts at 
compound interest should be read from tables of Napierian 
logarithms 

Since logo 2=0 693, then the product of the late % the 
time in yeais in which money at compound interest should doubk 
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JAPAN’S OLDEST BUDDHIST TEWPLE. Budilhism \va,s in Lrodiiced 
into Japan in a.d. 552 , about the lime Christianity was brouiiht lo 
r.n!j;hu\d, uud wUhiu a century and a half it became the slate religinu. 
The temple shown above is that at iloryuji, founded aboul a.p. Ono. 
History : anciint 26 

t'hiilo, 1: Y. A 


THE GREAT WALL OF CHINA. StrelcliiiviJ lor over tsou miles, from the Yellow Sea 
tn the borders of Kansu and Chinese Turkestan, the Great Wall of China dates from 
the 3rd century d.c. and was ciesiijncd ns a defence uKaiust the nomad Huns to the 
west.# For fifteen years the labour power of the Hnipirc was iin)bili?:eii for the task. 
Manw thousands of square buUleinented towers arc distributed throii{jhoiit its 
Icny'th. Towards Us western esid the wall has crumbled into ruin, but elsewhere, as 
may be seen from the photo, it hUvS been kept in ftood repair. History : Ancient 26 
Photo. li.N.A. 






SAQES OF china. Confucius ( 551 ~i 7 ^^ B.c.) hcltl 
various government posts, but spent most of his 
iu tcucWng ai-kd in the etabOTAtion of a cortc of 
.^QOU behaviour. Right, Mencius (c. 372-289 n.c.), the 
most famous of his disciples. h{STOfrv: Ancient 26 


BUDDHlSlVI IN CHINA. The Introcluction of Buddhism into China w;n 
responsible for the growth of a new type of art in which Indian influencii 
is apparent. It can be seen in the numerous Buddhas and other inmates 
of the Mahayanist pantheon carved under the Toba Tatars in the grottoes 
of Ybn-kang, from a.d. 400 onwards. History: ancient 26 


f'roui Chavannes, Mt$sian archmo0’(1>‘t’ 
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itself should be 69 3. i e at 4 %, 17 3 years, at 10%, 6 93 years 
This IS an ideal figure toward which the values oblained m com- 
mercial calculations should approach For example the ti?fre 
for a principal to double itself at 20%, leckoned aiin^uallj , -workiiig 
111 logs =03010/00792=380 reckoned six-monthly, =0 3010/ 
0 0fi4=7 77i 1C 364 years, reckoned three monthly, = 
0 joio/o 0212 — 14 2, le 355 years. reckoned monthly,^ 
o 3010/0 0107-= 8 10 348 ycais These values converge 
touaulii 3 4t> yc us The respective divisors m the computations 
steadily inci (ase relatii 0 to o 3010 llciicc 3 46 yeais is the time 
foi a piinripal to double itself when the C I is reckoned at shoit 
intervals such as wc ekly or daily 

Since log 3—1 ocjy money will treble itself at C I when the 
product of the rate % and the time is not less than i 099, i e 
at 3% C I p a in just about 37 j^eais 

Speeds. Unit speed is unit distance m unit time Scales of 
speeds are reckoned in miles per hour, feet 01 centimeties per 
second and so on When velocities are very great such as the 
speed of light, which exceeds 300 million yards a second vve use 
the distance traversed by light in a yeai as a unit of distance, 
and say that the nearest stais are x light years from the earth, 
where x is in the neighbourhood of 5 The speed ol hg;ht is some- 
times taken as a constant c = 186,000 miles a second ' When a 
body moves A units of distance m B units of time, its speed S 
IS S units of distance in unit time and Sk miles per hour “sm 
kiloinet*es pei hour Sn yards per second, and so on, where k 
and m and n are constants dependent on the units of measure- 
ment roughly, 5 miles per hour is the same speed as 8 kilo- 
meties per hour and 7J m p h is the same speed as a furlong 
a minute 

The speed S m p h =A/B m p h =B( A hours per mile The 
sjjced (bj-i l) in p h =(A i-B)/B m p h =B/(A-t-B) hours per mile 
Hence, when the speed m m p h is 'nereased by 1, 1 e by i/S 
ot the original speed A/B is increased by B/E and times m houis 
per mile are decreased by B/(A-|-B) of the original time per mile , 
eg if a speed of 23/7 m p h is increased by i m p b A =23, 
B=-7 The new speed =30/7 ni p h , and has been mertased by 
7/23 of the original miles ptr houi . it is also 7/30 horns per mile, 
liacmg decieascd fioni 7/23 houis pei mile The decrease is 
7( 24-7/30= 4 ^ 1^00 flours per mile, which is 7/30 of the original 
hours per mile 
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The following table shows these relations when a speed c>i 5 
in.p.h. is successively improved over successive miles by 5 


Miles 

1st 

2nd 

3rd 

4tll 

5th 

Hours 

Speed m.p.h. 

5 

10 

15 

20 

25 

Speed h.p.iU. 

i^Tractional 






Fractional 

increase 


I 

1 

i 

•i 

increase 

Speed h.p.m. 

1 

TT 

iV 

iV 

ira 


Speed m.p.h. 

Fractional 






Fractional 

decrease 

... 


i 

i 

i 

decrease 


The fractional increases and decreases shown in the table are 
each calculated on the speed for the previous mile. If miles be 
changed to hours, as on the right of the table, the numefical 
values within the table hold, with the appropriate change® in 
the labels as shown on the right-hand side. Thus, if a speed 
is doubled, the time taken is decreased by half of what it \vas ; 
if the speed be trebled, the time taken is decreased by | of r''bat 
it was , if the speed be increased by 10%, the time is decreased 
from i/ro to ijii, i.e. by i/iio, i/ii of what it was. 

Drill lv'’A train takes 15 minutes longer to do a journey 
at 25 m.p.b. than at 30 m-p.^r. ; how long is the journey f 

2. A train travelling uniformly between two stations 60 jniles 
apart lost time on its journey, and was 5 minutes late passing the 
second station, Had the train’s speed been 50 miles an hour it 
would have been 17 minutes late. At what speed did the buin 
travel ? "What was its normal speed I 

3. Solve the triangle ABC in the figure in p, 478, when 0 P = 
6 in., A =60° and AP cuts CB at an angle of 54“. 

Revision 1 . A train's speed is 40 m.p.h. (a) What is its 0P6ed 
in feet per second ? (b) How long will it take, if it is 66 yard® iu 
length, to pass completely a signal post ? (c) To cross complubiy 
a bridge no yards long ? (d) To pass completely a man wa'^ing 
by the side of the line at 4 m.p.h, (i) in the same direction, 
(ii) in the opposite direction ? (e) To pass completely a bam 
88 yards long and travelling at 30 miles an hour (i) approaobiug, 
(ii) going in the same direction ? 

2, Use the figure in p. 478 and completely solve the triangle, 
given that A =40° B-C=io° and b-c=i inch. 
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Expansion 1. Draw the graph of + 7 ^= 25 , and determine 
the equations of the tangents to the circles at the points when 

x=3 and y = V 5 - 

2. Draw the graph ot y=3x“— 6. Draw the tangents to the curve 
at the points where y = l2 and y = 0 . Give the equations of these 
lines as well as you can from your drawings. 

Solutions to Exercises in Lesson 32 .- 
DrM 1 . i'431'h ''4472, I'tSaq, 3. The job is to do 16.17.33 =» 
8976 in a day A =543. 6=577, Ct=5ii. 8A and 8B would 
make a team 

Reuiswn I. The line ot centres is an axis of symmetry, 
and the intersections of the circles are symmetrically placed. 2. 
See llgurc in page 478, 

Expansiofi. Vol. of thickness (D+2T)“— D* 

Internal vol D® 

Internal vol. =0.5236 cubic metres. 

6 

T = i Fraction =o’o6i2oS , T =2 Fraction =0'i 24864. T =3 

Fraction =0 ly 1016. Answer =0-5236 X 0 061 208 ; etc. 

Look up the difference between C.l. and S.I., etc., for 3 years in 
your references. , 


LESSON 34 

Properties of an Isosceles Triangle 

A n isosceles triangle is symmetrical about the bisector of the 
vertical angle in Fig. i ABC is isoscele.s symmetrical 
^about BK 

Hence AB = AC, AK = KC, angle BAK = angle BCK. 

One of the equal sides BC is produced to D so that CD = CB. 
AD IS drawn and BK produced to cut AD at E It is required 
to determine the ratio between BK and KE. 

Produce AC to meet DM drawn parallel to BK at M, 

AK = KC = CM . hence MD = 3KE. Bui MD = BK. 
Hence BK = 3KE 

Ij CD = 2CB, then CM = 2CK and MD = 2BI-C ; also AK 
JAM, and KE = i-MD, whence BK = 2KE. 
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Generally, if CP ~ n times CB, then MD = n.BK. 

CM = n.AK ; i.e. AM = (n+2) AK. 

“^Whence MD = (n-l-2).KE and BK = KE times 

Trigonometrically, if BAC = a and CAD = j3, then tan a /tan 
fi= BK/KE = (n + 2)/n. 

In Fig. 2 the side CB of the isosceles triangle is produced in the 



Let points B (a, O) , C^ — a, O) and S (O, tn) be such that a and m 
may have any value. With centres in OS many circles may be 
drawn with C and B on their circumferences. Of these numerdtj» 
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circles one only will have the point A {c, d) on its circumference, 
and its centre at S 
The equation of this circle is 

x“ -f y* — 2my = , 

and the condition that it passes through the point A is that a® 
— c® = — 2md 

The 6f|iuition of the line AB is dx + (a — c)y = ad 
From C a perpondicular is dropped to AB, cutting the per- 
pendicular from A to HC at U. 

The equation of AH is x - c = O 
that of CH, because it is perpendicular to AB, 

(a — c)x — ily ac — a“ 

From these equations R is the point 
(c. a' — c^) 

“d 

Since a’ — c® = d’’ — 2md, another statement for R is (c, 
d — 2m), whence it follows that the length of AR is 2ni. 

The equation of the line SR is obtained from the values of S 
and R, and is 

(3m — d)x + cy = cm 

The equation of the line from A through the origin is dx — 
cy = O » 

From these two equations it is touncl that G, the point where 
the lines SR and AO intersect, is (^c, Jd), whence it follows that 
OG is a third of OA. 

The point K is the mid-point of SR and is (Ic, — |m) 

The equation of the circle with centr'e K and radius OK is 
— cx -f- y’ — (d — m)y = O 

This circle cuts the line (AB) x — c = O at the points indicated 
by the solution of the equation y’ — (d — m)y = 0 ; i.e. when 
y = 0 and when y = (d — m) 

But 31 = 0 at Q, where AK meets BC, and y = (d — m) at P, 
whicli is midway between A and R,' hence OP is a diameter of 
this circle. 

The radius of the circle, centre S. is -v/m“ + a* 

The radius of the smaller circle, centre K, is ^3/0’ -1- (d — m)®, 
which is equal to 

Tliese results may now be transferred from the code of co- 
ordinate geometry to the code of ordinary plane geometry. 

ABC is any triangle. 
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Generally, if CD = n times CB. then MD = n.BK. 

CM = n.AK ; i.e. AM = (n+2) AK. 

‘'’^iWhence MD = (n+2).KE and BK = KE times (u-faj/n 
Trigonoraetrically, if BAC = a and CAD = ji, then tan » /tan 
a=BK/KE = (n + 2)/n 

In Fig, 2 the side CB of the isosceles triangle is produced in the 



Whence, when BCA = a and DAC = / 3 , tan » /tan ^ = (i — ni) 

/(i+tti) 

Let points B (a, Oj,C(— a, O) andS {O, m) be such thataandm 
may have any value. With centres in OS many circles may be 
drawn with C and B on their circumferences. Of these numerdu* 



PROPERTIES OF AN ISOSCELES TRIANGLE 


circles one only will have the point A (c, d) on its circumference, 
and Its centre at S 
The equation of this circle is 

_j_ yS _ 2my = , 

and the condition that it passes through the point A is that a> 
— c“ = d® — ^md 

'Ihe equation of the line AB is clx + (a — c)y = ad 
f'loin C a periionditular is dropped to AB, cutting the per- 
pendicular from A to HC at K 

'Ihe equation of AK is x — c = O 
tliat of CK because it is peipeiidicular to AB, 

(a — ()x — dy = ac — a® 

From these equations K is the point 
(c, a® - c®) 
cl 

Since a® — c® = d® — 2md, another statement for R is (c, 
d — 2m), whence it follows that the length of AR is 2m 
The equation of the line SR is obtained fiom the values of S 
and R, and is 

(3m — djee -F cy = cm 

The equation of the line from A through the origin is dx — 
cy = O » 

From these two equations it is found that G, the point where 
the lines SR and AO intersect, is (-Jc, Jd), whence it follows that 
DG IS a thud of OA 

Ihe point K is the mid-point of SR and is (|c, ^d — tra) 

The equation of the circle with centie K and radius OK is 
X® — cx -F y® — (d — ni.)y = O 

This circle cuts the line (AB) x — c = O at the pomts indicated 
by the solution of the equation y® — (d — m)y = 0 , i.e when 
y — O and when y = (d — m) 

But 5' = 0 at Q, where AR meets BC, and y = (d — m) at P, 
which IS midway between A and R," hence OP is a diameter of 
this circle 

The radius of the aide, centre S, is 

The radius of the srn.illei circle, centre K, is ^v'e® -j- (d — m)®, 
which is equal to Jy'”®'* + 

These results may now be traiisferiecl from the code of co- 
ordinate geometry to the code of orclinary plane geometry. 

’ ABC IS any triangle 
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S IS the circum-centre 

R, where the perpendiculars intersect, is the ortho-centre 
The ortho ccntie is distant from any corner of the tnangle by 
tnict the Icngtli of the perpendicular from the eircum-centre to 
Hit coil espondiiig base of the tnangle le the two perpendiculars 
from the circLim- and ortho centres which are parallel (i e 
1 0 and AQ) 

llie 10111 of the ( ircum and ortho- centres is a fixed line m the 
tn.uigh (SR) In this join aie two points (i) the point, G which 
is a thud of tlie length of the join horn the circura-centie, and 
(ii) the mid point of the join (K) 

lilt fust of these i,s the point of concuuency of the lines 
jrnmug the coinerb of the tnangle to the raid-points of the 
ojipositc sides 1 e G is the centroid, or C G 

Ihe second of these is the centie of a circle which passes 
through the thiee midpoints of the sides of the tnangle, the 
three feet of the perpendiculars through the ortho centre, and the 
three points raid-way between the ortho-centre and tlie corners 
of the triangle i e in all nine points. , the circle is labelled the 
nine point circle, the N P circle, of the tnangle ABC 

The laduis of the eircum-circle is double the ladius of the 
N P circle' (i e SA = SB = SC = OP) 

OSAP and OSPR are parallelograms 

Since the three feet of the perpendiculars determine the pedal 
triangle, it follous that the N P circle of ABC is the ciicum circle 
of the pedal tnangle of ABC 


It follows also that 0 is the in centre and A, and B, and C are 
the out centres of the pedal triangle 

In I'lg 4 aB = BC, AQC = ASC = go 
Hence K is the ortho-centre I is the in- 
centre for AM, CL, and BP are bisectors of 
the angles R is the cireiim-centre, 
hence RP = |b cot B, whence KB 
= b cot B 

IP = the in radius = (s — b) 
tan 

BP = ib cot 



whente- IK c. |b cot J B 
•“ Jb tan B — (s — 


— b cot B — (s — b) 
tan 

b) tan iB 
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Drill, (i) In Fig. i, given that ABC = go and BC = BA 
CDj find the ratio between EK and AM. 

(2) In Fig 2, given that AM = MK and ACB = 60, find Hro 
length of DM in terms of .AC. 

Revision. If a man sells goods at 2s. 6d. eaclr he make.s a 
profit on .selling price of 25 per cent Irind a scale of nile.s of 
profit on cost for all prices at a penny flillerence between 2^ 
and ps, 

Expansion A rectangle is rotated round diic of its long sides 
<as a hinge Consider the resnlLs of the rolarion on (i) the other 
long side, (ii) eacli of the two short safes F.slimate in tenn.s 
of the original rectangle the areas ol rotation anrl the volume of 
the solid of revolution 

Repeat the experiment with a right-angled triangle, using one 
of the shorter sides .is a hinge 

Solutions to Problems in Lesson 33. 

Drill, (r) Speeds in hours per mile 1/25, 1/30. Difference 
in hours J. Speed in m.p.h. increases by 1/5, and in hours p.m. 
decrea.ses by [/6 of original speed t/6 of 1/25 = 1/150 
(i)/{i/i5o) = 37^- Journey = 37^ miles. 

(2) Time diflerence = 12 min. per 60 miles = 1/300 hours p.m, 

i L »= 1/300 ; i.e. X = 60 

50 X 

Time difference = 17 min, per 60 miles = 17/3600 h.p.m- 
^~yr 17/3600; i.e. y = 63f4- 

Normal speed in m.p.h, 65 actual 60. 

(3) a => 6 cos 30 = 5-2 ; B -p C = 120° ; B = 105° ; C = 15“ ; 

a/sin A =< i0'4 ; b = 10-4 sin 105 = 10-3 ; c = io’4 sin 15 

Revision, (i) (a) 58J , (b) 3J sec. ; (c) 9 sec. ; (d) (i) 3J sec 
(ii) 3A- sec ; (e) (i) 4.J sec. ; (ii) 31^ sec. 

(2) B + C = 140° B - C = 10° ; B = 75° ; 0=65'' 

b c = cot 20/tan iB — iC, b c = 2-748 /o'o875 = 31 4 

b = i 6'2 ; c = i5'2 . b/sin B = 15-6, a = 15-6 sin 40 = I0'2. 

Expansion, (i.) 

Pis. (3, ± 4) tangents 4y ± 3X = 25. 

Pts. {± 2 ^ 5 , V5) tangents y ± 2X = sVs- 

(2) Pis. (± \/6, 12} tangents y + 24 = 6v'6.x. 

Pt. {±V2,0) tangent y + 12 = eV-ix. 

Our Qjurse in Alatheriulia is couhnucj in Vuinme 5. 
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D tiKtNG the French Revolution the influence of J. J. 
Rousseau undoubtedly strengthened the reaction against 
the coniplerfities and artificiality oi the old r6gime, 
and was directed towards the formation of new cults of simplicity, 
return to Mature and Deism. He cannot, however, be identified 
with the philosophers of the Rncyclopedia who attracted tlie 
attention, firet of tlie aristocracy and aftei-wards of the bourgeoisie, 
liv focusing the social discontent of their day. because, his was 
not, like theirs, a critical philosophy— it was an intuitive one. 
Tliat France emerged from the Revolution with renewed vitality 
and exceilunt institutions is in great measure the woric of the 
" philosopher " of the tl 5 th century. Rousseau was the fore- 
runner of the naturalism and romanticism of the 19th century- 
a herald of the reaction against the mteilectual views of the 
Encyclopedists. 

.\part Jrom the financial difficulties, which were many, the 
problem of food supplies faced the men of the Republic in 1793 
after the declaration of war with England when the coasts of 
all French territories were blockaded by the British na,vy. It 
is interesting to note that, as in Germany during the Great War 
under similar conditions, substitutes were devised for some of 
the prohibited goods , one of these led to the great French beet- 
sugar industry. The communes of the laiger towns introduced 
a rationing system with food cards , later the State requisitioned 
food and sold it at low prices. 

The Revolution failed to establish democracy in France. 
From the nse of the Coraniittee of Public Safety (1793) already 
the government ceased to be democratic in form, and from the 
fall of Robespierre (1794) it ceased to be democratic in substance. 
The France which emerged, however, was a Franco in which 
the bourgcoisis was the predominant class. From the end of the 
'I'crror the tone of public life changed. The men of the Revolu- 
tion — modemte Girondins. extremist Jacobins, the followers of 
Dantoii, of Robespierre and of otlier apo.stles of violence — Cad 
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wiped each other out. The consulate and the empire under 
Napoleon completed the destruction of democracy for a time, 
but restored order into the various depai tment« of public li|g! 

At tiie beginning of the war m 1793 the administration of the 
I-'rcnch armie.s was placed in the hands of Carnot, who devoted 
himself to that task with skill. The French Republic, which had 
taken over Ihr government of an appaiently bankrupt state, was 
able to defy the armies of all Europe and to delcat them repeal ediv 
Robespierre eontiolled the Committee of Fublie Satety, which 
seiil out its agents empowered to act everywhere with 
arbitiary authority Revolts in La Vendee and elsewhere wet<‘ 
siii’ipre.sscd ; Toulon, still Royali.st, wa.s besieged . and suspects 
were slaughtered with a liortible ferocty In Pans tor several 
weeks tlifi giiillntme had an average of fiftv vu-hms a day, while 
the .supremo authority amounting to a dictatorship was praetieaily 
exprci-sed by Robespierre. He was earned to the piimaelo of 
power by hi.s ruthless competence and the force ot his fanaticism. 
Marat had proclaimed him " The Incorruptible.” He became 
for a brief period the high priest of the new religion of the 
Revolution. 

Toulon was captured from its Royalist delenders in December, 
1793, in spite of the Bntish fleet, mainly by the skill ^f Napoleon 
Bonaparte (1769-1821). a young artillery officer ivhoje military 
skill had already won golden opinions from Camot. Meanwhile, 
Robespierre had .struck doivn first one group) ot his colleagues, 
the H^beiti.sts, whose obscenities had gone beyond what he 
could endure, and then Danton, who had latterly been e-xerting 
his influence on the side of moderation. Tlie Girondists, the 
party who might be called the Literary Republicans, had been 
.struck down long before. But the Terra/ Had reached an in- 
tolerable height. A corabmalion was suddenly formed againtt 
Robespierre, who, with the two colleague.^, Saint Just and 
Couthoh, most closely associated with him, was in hi.s turn struck 
down in July, 1799. Danton's threat on the day he was con- 
demned had been no idli one. " Scoundrel 1 The .scaffold will 
elami you. You next, Robespierre." The reaction had set m 
and the 'feiior was ended 

Establishmorit of the Directory. The government which 
replaced that of Robespierre produced its new Constitution 
according to the recognized form, A council ot five, called the 
Dkoctnry, was to tiave the .supreme admimstraUve ccmtrol, 
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supported by two legislative assemblies. The plan was violently 
opposed in Paris ; when the time arrived for the election of tha 
A^eiuhly there was an insurrection in the capital. Barras, the 
head of the Five, and Carnot were prepared for the emergency, 
and had chosen as their agent for crushing the insurrection the 
young artitioryman who had taken Touion. Bonaparte's camion 
cleared the streets of Paris, and the Directory was established, 
Bonaparte’s inarriago, early in lygd, with a fashionable widow, 
Josepliine BoauliarnaLs, wlio as the mistress of Barras liad 
escaped the guillotine, strcngthcrierl his reactionary tendencies, 
awaltenihg the patrician instincts inherited from his mother, 
Marie Lotizia Ramolino, wlio came of an old Corsican military 
fiirnilv. He liacl exchanged Jacobinism for a cynical opportunism, 
when ill hfarch of tlie same year he set out to take command of 
the French armies in Italy. 

Of the circle of enemies who had not yet dropped off was the 
king of Sardinia, whose possessions of Savoy and Piedmont 
commanded the pas.sage between France and northern Italy, 
which now, as always, was one of the battlefields with Austria, 
The object of Bonaparte’s plan of campaign was to force Sardinia 
into neutrality, and to win the rest ol north Italy from Austria. 
The campaign was conducted with an extraordinary brilliance 
and with ?. total disregard of the stereotyped rules of strategy. 

By the swiftness of bis movements, Bonaparte, with smaller 
forces, was able to surprise the central Austrian army at Monte- 
notte, and shatter it so that the second Austrian armydiad to 
fall back to the eastward, while the king of Sardinia retired west- 
wards. The latter, finding himself isolated, was in haste to make 
his peace, Bonaparte secured Milan by a brilliant victory at 
the bridge of Lodi. Naples, which was supposed to be in alliance 
with Austria, made its own peace instead of coming to Austria's 
help. New Austrian armies advanced from Tirol ; Bonaparte 
shattered them at Areola agd Rivoli. 

In 1797, acting on his own responsibility, ho advanced out ol 
Italy, and forced upon Austria the treaty of Campo Fonnio, 
with the cession of the Austrian Netherlands and Lombardy. 
On the pretext that an unfriendly Venice was a danger, he had 
occupied the city, blotted out the Venetian Republic (1797) and 
carried oif the chief art treasures to grace the Louvre in Paris ; 
the famous bronze horses he had removed from St, Mark's tor 
placing im tlio Arc de Trioniphe. The British were now isolate*d ; 
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but earliei' in the year the fleet under Admiral Jervis had won 
a decisive victory at Cape St. Vincent over the Spaniards, who, as 
well as Holland, now converted into the Batavian Repuiffic, 
liad allied themselves with the French. Immediately after 
the treaty of Campo Formio, the British fleet under Admiral 
Duncan de.stroycd the Duich fleet in the battle of Camperdovvn, 
Battle ol the Nile. Bonaparte, though not yet thirty, had hetn 
made by his successes the most powerful man in hVance. Seeing 
no prospect of de.stroying the British navy, he formed the design 
of seizing upon Ftg3'pt as a basis for securing wp.stern Asia, and 
miijiing tliat in its turn the base for .striking at India on the one 
.side and at Furopc on the otlier The Uirectory were well enough 
pleased to get their too-powertiil general out of their way m 
Pari.s for a time. Bonaparte’s armament set out from Toulon, 
evariing Nelson who wa.s in command ot tlie Medi- 

terranean fleet. Tlie armament reached Egypt where Bonaparte 
set about his conquest. But Nelson, convinced that the fleet 
had made for Egypt, discovered its whereabouts, and came upon 
it in the bay of Aboukir, where he won tlie overwhelming naval 
victory u.sually called the battle of the Nile (lygS) The French 
Mediterranean fleet had ceased to e.xist : Bonaparte in Egypt 
wa.s completely cut off and isolated from his real base in France. 
Hence, although he mastered Egypt itselt, he failed m*the attack 
launched therefrom upon Syria, for he could not advance without 
securing the port of Acre, and .Acre proved impregnable. It was 
in Egypt that Napoleon openly doffed his leanings towards 
Jacobinism. " Savage man is a dog," summed up his impressions 
and his revolt agaimst Rousseau with his cult of the " Noble 
Savage ” and the perfectibility of man 

In lyqg Russia, whore czar Paul had succeeded Catherine, 
joined Great Britain, and Austria again declared war upon 
P'rance.. The Bourbon monarchy was restored at Naples, and 
the Ru-ssian general Suwanow was conducting a success tul 
campaign in northern Italy, when Bonaparte; at last learnt vvliaC 
was going on in the west, events of which no news had reached 
him in Egypt. The moment had come when he must assort 
him.self, and take the government of P'rance into his own hands. 
I.ea.vmg Egypt in command of a lieutenant, KEdiei, he took boat 
with a few companions, and hurried to Pans, where tie was 
flailed as the conqueror ol Egypt. 
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LESSON 20 

From First Consiil to Emperor 

(See plate 60) 

B v the end of 1800 Bonaparte had got rid of. to use modern 
terminology, the " red " leaders of the French revolution, 
under the pretext that they had concocted a plot which he 
Icncw to be " white,” or royalist. If he could have adopted a 
peaceful policy abroad, his success would have been not only 
phenomenal but lasting. The czar Paul had changed his attitude 
since he had discovered in the First Consul the incarnation not 
of revolutionary France, but of absolutism. He was offended, 
not only with Austria, but also with the British, because the 
latter Power, having captured Malta, did not hand it over to 
him. as had been intended when Russia was still a member of 
the coalition. He sought to revive a combination of the Baltic 
Powers, known as the Armed Neutrality, directed against the 
righls of search claimed by British ships, rights which were of 
the utmost value to a predominant naval Power, but which 
were mueb^resented by neutrals. It was clearly understood in 
England tliat his real intention was to place the fleets of Denmark, 
Sweden and Russia at the disposal of France, and so to isolate 
Great Britain, for whom the sea was the only po.ssible field of 
warfare. 

A British fleet suddenly appeared before Copenhagen, with 
Nelson second in command. The Danes were required to hand 
over their fleet to the British for protection. They refu.sed, 
but were promptly forced to submission by the battle of the 
Baltic or Copenhagen (1801), won by Nelson, who declined 
to see his senior officer’s signal when ordered to cease firing. 
The Danish fleet was carried oS ; the assassination of the czar 
raised to the throne Alexander I, who was completely antagonistic 
to his father’s ideas, and desired British friendship. At the same 
time a British expedition destroyed the French domination in 
Egypt, and compelled the withdrawal of the French troops. The 
result was that the war was brought to a nominal conclusion by 
the Peace of Amiens, in March, 1802. 

France under the First Consul. The First Consul had in effect, 
though not in name, transformed the republic into an absofute 
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monarchy. Not one of the whole senes ol constitutions which 
were intended tlieoretically to estai iish democracy had been 
capable of remaining in v/orking order for any piolonged {Ki/tftd 
Ihe old aristocratic regime of privilege had disappeaied Ihe 
people at large had been relieved from their burienb, their real 
grievances and when that had been accomplished they cared 
little enoLigii about actual participation in the goveiiirncijy; 
They were re.idy to acquiesce in the new despotism It was 
practicable foi (he great military cliief to set about some recon- 
ciliation of the discordant elements in the st.ue The Republic 
had been hostile to the Chuuh , Bonaparte regarded the Lhuich 
as’a useful inslruineiit piovided that it was held in due sub- 
ordination tn the state 

Ihe ( ourt of the hirst Consul became as splendid as the old 
couils of the Bourbons Under his directum an adniiiable 
administration deioted itself to the production of magnificent 
public works, which if cosily were still oi the utmost value 
m increasing the national prosperity Especially notable was 
the care bestowed by Bonaparte upon the Code Napoleon, a 
great codification of the laws, accompanied by reforms which 
established a common system (when it was at last completed 
some years later) all over the country' displacing the igteiminable 
confusion of the peculiar local law sand usages which harl pi evaded 
for centuiies The application of the code in the German terri- 
tories which fell under the sway of Napoleon s empire extended 
its influence far beyond the borders of L-'iance 

But Napoleon, who began to use his first name alone, after the 
manner of royalties, while be was still noniinally only the First 
Consul of the Republic engaged himself not only upon domestic 
admmistiation during this period of peace He was, in fact, 
reorganizing Germany m his own interests Theoretically, 
Germany was reorganizing itselt, a diet having been established 
to that’end But, practically it was controlled in the interests 
of France and Russia, and incidentally of Prussia, because the 
two great Powers on the east and west intended Prussia to 
counterbalance Austria In lact, the piocess meant the 
actual absorption by France or Prussia of German teriitones, 
whose princes were compens.ilcd by the transfer of ecclesiastical 
territones 

Ihe militant lepublic acting as libeiatui had set up the 
Bbtavian republic, the Swis*- republic and sundry lepubhcs 

( 493 ) 



MODERN HISTORY 20 


in north Italy. It soon became evident that each of these 
republics was to be made a dependency of France. Europe 
mi^t be alarmed, but it was paralysed for action. 

The one pQwer which was not paralysed was Britain. In 
spite of the Peace ot Amiens, neither France nor Britain was in 
any haste to carry out the terms agreed upon. Each su.spccted 
tlae other oi intending to wait only till its rival's evacuations 
were completed to declare its own purpose of not carrying ont 
its own evacuations at all The truce at best was only a hollow 
one. As the months passed the relations became more and 
more strained, distrust 'md suspicion increased on both sides 
ot the Channel, and in the summer of 1803 war was again declared 
between the two powers, 

Napoleon was now detennined to accomplish the invasion of 
England, for he was assured that his armies on British soil 
would be victorious. But he found himself face to face vvith 
a small barrier — a little stretch of water — which proved in.super- 
able. While British fleets held the command of the Channel, 
a French army could not be landed. He mas.sed his troops 
at Boulogne, waited for an opportunity, and tried to create one. 

The British, on the other .side of the Channel, made up great 
regiments rt volunteers, for the most part of a very amateur 
descriptloR. Pitt's government and the naval authorities were 
perfectly confident that the opportunity never would come for 
an efiective landing. Nevertheless, a black terror hung over all 
England for a space of more than two years. All the fighting 
was in the nature of privateering raids upon commerce, because 
the French ports were watched, and no French squadron could 
put to sea without imminent risk of total destruction ; and, on 
the other hand, Britain had no army with which to attempt an 
invasion of French territory. 

Napoleon as Emperor. It was now that Napoleon shocked 
Europe and terrorized the'''Frencb royalists by kidnapping on 
German soil and then shooting, the Due d'Enghien, a prince 
cif the French blood royal, in consequence of a royalist plot. 
This crime was in one sense a blunder, as it not only outraged 
the collective conscience of Europe, but made an active enemy 
of the young czar Alexander. In another .sense it succeeded, 
for it placated. the remnant ot Jacohina. who now supported 
Napoleon's assumption ol the imperial title. This he tqok, 
crowning himself Emperor in Notre Dame on December 2, 1804. 
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He hoped to gE«n European recognition and security against 
Bourbon conspiracies. But the czar Alexander ]oined witli Bitt 
in eflorts to build up a new coalition against him, In the sumtTier 
of 1805 the coalition was joined by the Austrian eijiperor though 
Prussia still held aloof Russia and Austria now set about pri'- 
paring their armies for a renewal of the war 

Seheine to Invade England. Napoleon meant to strike %is 
decisive blow at Britain bclore the general conflagration should 
break out His plan was to divide the British lleet by enticing 
Nelson to the West Indies. Villeneuve, witli the decoying fleet, 
waji to evade tiis pursuer, return to Europe, release the fleet 
blockaded in Brest, crush the Channel fleol. and so clear the way 
for the army at Boulogne to bo hurled upon the shores ot Briiain. 
As a matter of fact, the British fleet was quite pre^iared to give 
a sati.sfactory account of the French Ueel even in the absence 
of Nelson and his squadron Villeneuve did decoy Nelson 
away, and did return with Nelson in chase, but he did not 
relieve Brest. He found a squadron waiting lor him, saw that 
the plan was hopeless, and retreated to Cadiz. A few weeks 
later Nelson had rejoined the Mediterranean squadron the com- 
bined French and Spanish fleets put to sea,, and were caught 
and annihilated by Nelson at the deci.sive battle M Trafalgar 
(October 21 , 1805). Trafalgar set the seal on the British naval 
supremacy, but Nelson died in the battle 
Villeneuve's retreat to Cadiz had been enough to prove to 
Kapolesn the futility of his scheme of invasion. Without a 
moment’s hesitation he resolved to strike at once against tlie 
coalition on the Continent. The army ot invasion was hurled 
across Europe, and swooped upon the main Austrian army, 
which was gathering at Ulra The day before Trafalgar was 
fought, the Austrians were forced to capitulate. In three weeks 
the French were in Vienna The Russians were corning up, and 
a second Austrian force was moving* to 3oin them. On Decem- 
ber 2, at Aiisterlitz, Napoleon fell upon the Russians, and won 
a conqilete and decisive victory. The king ot Prussia, who had 
been thinking of joining the coalition, changed his mind. The 
Rus,sians retired in disgust, and Napoleon dictated ills terms to 
Austria in the Treaty of Fressburg. 
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LESSON 31 

Napoleon at His Zenitli 

(See plate 6f) 

9 

B efore the victory of Austerlitz (1S05), Napoleon, with an 
unfriendly Prussia on his flank, was in a somewhat 
difficult situation ; after it he gave the law to the Con- 
tinent. Previously the north Italian republics had invited Ipm 
to accept the crown of the kingdom of Italy ; the remaining 
Austrian provinces in Italy were now annexed to that kingdom. 
Outlying Austrian provinces in Germany were transferred to 
German princes who had supported Napoleon. Prussia was 
momentarily placated with the promise of Hanover. A number 
of German principalities were combined in the Confederation 
of the Rhine, and thus prepared for the formation of a large 
Napoleonic-German union. The emperor presented three of 
his brothers with kingdoms That of Westphalia, composed 
of some German principalities, was bestowed upon Jerome in 
1807. Holliftnd and Belgium were handed to Louis, and Joseph 
was plautsd at Naples, whence the ejected Bourbon monarch 
betook himself to the island of Sicily, which was at that time 
virtuiilly under British control. 

Prussia, under Frederick William III, had long pursued a 
■wavering policy, which in the spring of 1S06 had sunk into inertia, 
Napoleon, however, pressed the Prussians too hard ; their old 
martial spirit flared up, and war ensued, only to result in disas- 
trous defeats at Jena and Auerstadt (Oct, 14, 1806). Napoleon 
occupied Berlin, and the Prussian king fled to Memel, on the 
Nienaen. Czar Alexander came to his aid ; the joint Russian 
and German forces advanced but were defeated at Friedland 
in June, 1807. The czar then deserted Prussia, met Napoleon 
at a secret conference, and the two potentates arranged the terms 
of the Treaty of Tilsit, by which they agreed to make common 
cause against any power which did not accept the mediation 
of one of them. I^ussia was penalized by the loss of Polish 
territories, wliich, in tlie form of the grand duchy of Warsaw, 
were handed over to Saxony, Napoleon's constant ally. , 
In England, public opinion did not take any extended view. 
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To the English, as English, it mattered little that the Austrians 
and Prussians were crushed by the French, but they quite 
Hiiderstood that after Trafalgar there was no fear of a Frerwh 
army coming into England. ^ 

But while in England people were content to take their own 
insular and complacent view of the position on the Continent, 
Trafalgar seemed a very small thing in comparison with Au% 
terlit? or Jena. Napoleon was probably the one man who, 
without in the least undervaluing his own victories, could under- 
stand that Trafalgar was, for the time at least, the destruction 
of Ips hopes and schemes so far as England was concerned. 
He knew there was no longer a possibility of his obtaining 
command of the Channel for the few liours or day.s that he 
refjuirerl, and saw that other means must be found for breaking 
the power of Englaind. 

Napoleon, after Tilsit, was master of western Europe, but 
farther off than ever from destroying British power. As .he 
could do nothing against British fleets, he framed a design for 
ruining British commerce, the source of wealth and, therefore, 
of power. This scheme, called the Continental System, he 
formulated in the decrees issued from Berlin and Milan in t8o6 
and 1807. No British goods or goods borne in British ships 
were to be admitted to any port under French controFor in the 
hands of any government in dependence on the French Empire. 
The u'eak points of the scheme were, iirst, that the nations of 
Europe lequired more imperatively to buy British goods than 
the British required to sell them , and in the second place, 
that the exclusion could only be partial so long as there were 
ports on the Continent nut under French control which persisted 
in admitting British goods. 

Great Britain replied by the Orders in Council which declared 
that all ports closed to British goods were in a state of blockade, 
and were consequently not open to aSy neutral commerce what- 
ever. A very lucrative, if dangerous, business was developed 
for the smuggling of British goods into the Continent, and the 
Frencli government itself was actually obliged to grant licences 
enabling the holders to import goods which were absolutely 
nece.sBary. On tlie other hand, the Continental System was a 
blunder— the funclamental cause of Napoleon's ruin, The pres- 
sure it imposed on Europe was the most potent cause of the 
revolt against the Napoleonic domination. 
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II British cotmnercc was being checked. Continental commerca 
WAS being throttled Napoleon, m his visions of world 
cKSnmation, entirely left out of count the sense of nationalism 
He thought of geogiaphical areas, and perhaps of dynasties 
but not of peoples , and he was presently to learn that, though 
ti might impose obedience upon governments, the spirit of 
I* itionalism, when once aroused could not be stamped out 
Ills first teachers weie in the Ibenan peninsula Poitugal 
had stood aside frotn all the European complications , Napoleon 
oidcied the Portuguese government to ]Oin the Continental 
Sy stem , it refused I rcnch troops entered Portugal wfiich 
appealed to Biitain At the same time Napoleon chose to enfoice 
the abdication of the Spanish king and his son both of whom 
were incompetent and to bring over his own bi other Joseph 
to occupy the throne of Spam while his Neapolitan kingdom 
was transferred to Marshal Murat 

The Spanish people howevei, entirely refused to accept a king 
at Napoleon s dietat'on, and broke out into a fury of insunection 
French troops swept over Spam and, as a matter of couise, were 
too strong for such Spainsh aiimes as could be raised to beat 
them in the open field Nevertheless, a French force was 
flapped a'’d compelled to capitulate at Baylen and everywhere 
bands of Insurgents cut ofl the supplies and played havoc on then 
lines of communication 

The Peninsular War. The British goveriunent resolved now 
to assist Portugal, and to support the Spanish nationM party, 
■with whom George III and his Pailiament formed a treaty ol 
alliance A Bntish force under Sir Arthur Wellesley landed, 
defeated the French commander, and compelled the French 
to ev acuate Portugal But Wellesley s senior officers, who 
arrived on the scene at the moment of victory, conceded terms 
which were found unsatisfactory to England All then generals 
were recalled for inquiry The command m the Peninsula was 
given to Sir John Moore Napoleon personally commanded the 
forces engaged in ci-ubhing the Spanish resistance m the south, 
when Moore elfceted a brilliant diversion by marching upon his 
lines ot comimiiiKatioii The emperor, foreseeing a troubleaoma 
and somewhat inglorious operation before him, and having 
other objects ui his nnnd besides the quelling of tfie Spamaids, 
left tlie buMTieas to Marshal Soult Mooic drew the puraying 
army to Corunna (iSogj, where Soult’s attack was decisively 
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repulsed, and, though Moore himself fell in action, his troops 
vrere enabled to embark. 

With the return of Wellesley (sooii to be loiown. as WelUngt«) 
m the spring, opens the real story of the Peninsuliir War, when 
Britain took the r61e of a military as well as a naval power for 
the first time since the clays of Marlborough. For four years a 
quarter of a million of French troops were locked up in thf 
Peninsula, vainly endeavouring to suppress the Spanish guerrillas 
and the army of the Britisfi general who, after every blow which 
ho was able to strike, was obliged to fail back again on the 
defensive into Portugal. Napoleon never returned to the 
Peninsula, being fully engaged in gaining a succession of victories 
rvhich drove the Austrians to the north bank of the Danube, 
opposite Vienna. Pfe entrusted the work in Spain to one after 
another of his most brilliant marshals, always believing that the 
British would be swept into the sea and the Spaniards crushed 
into submisiiion. 

In I Soy Wellington won bis title of viscount by the victory 
of Talavera (he was made duke of Wellington in 1814). He was 
obliged, however, owing to the insufficiency of his forces, to fall 
back into Portugal where for the next year he was organizing 
m impregnable position covering Lisbon behind the lines of 
FoiTes Vedras. In i8io Napoleon dispatched Massdrfa against 
lim. Wellington checked him at Busaco, but was forced to 
■etreat to Toitcs Vedras. All through the winter Massdna 
vainly eadeavoured to find an entry into the lines. In the spring 
of 1811 he was obliged to retreat, and was finally beaten at 
Puentes d'Ouoro. Marmont tcjok the place of Massdna. It 
was not till the beginning of 1812 that Wellington captured the 
two frontier fortresses of Ciudad Rodrigo and Badajos. In July 
Marmont was completely routed at Salamanca ; but even then, 
though Wellington marched to Madrid, he had to fall back once 
more into Portugal. 

In iS 10 Napoleon married Marie Louise, daughter of Francis I 
of Austria. The recent divorce from Josephine had been 
prompted by political motives. Napoleon desired an heir. 
The son born to liim and Marie Louise in 1811 was proclaimed 
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LESSON 22 

From Moscow to St. Helena 

(See plate 6l) 

7 iiEjf Napoleon had left his marshals to complete the 
\fw subjugation of Spain and Portugal and drive out the 
” intruding Hiigltsh, the war in the Peninsula had seemed 
to him a side issue, and of its conclusion he entertained no doubt, 
In 1809 he Inul lakcu Tirol from Austria and presented it to hia 
ally Bavaria ; Iioth Austrians and Tirolcse had resisted this 
disposal, at first with some success, only to be finally defeated 
at Wagram (July 0, 1809). Thereafter Austria had made peace, 
ceding at the Treaty of Vienna portions of the empire, and 
Napoleon had sought to consolidate his European position by 
marriage with the archduchess Marie Louise, daughter of the 
emperor Francis I of Austria. Rome having also been annexed 
to the French empire, the son born in 1811 was proclaimed king 
of Rome. 

The years of Napoleon’s supremacy (1809-12) were marked 
by great, f/ublic works, which brought new life (jot only into 
France, but into central Europe. The Code Napoldon had 
beneficent results in Italy. Switzerland, the Confederation of the 
Rhine and the Grand Duchy of Warsaw. Education was 
improved, and religu)us toleration extended. In Italy, as in 
Germany, he struck at the abuses of the old rdgime, sweeping 
away petty states and unifying the people in lai'ger territories, 
within which were free trade, equality of law, educational schemes 
and the semblance of a popular government. 

His experiment of a ” United States of Europe " required, 
however, years of peace for its materialization, and peace was 
stUl far from Napoleon's pfans — -far also from the minds of the 
king and, czar he had humiliated. Prussia, though he did not 
know it, was being secretly reorganized, and the Prussian minister 
Stein, who had begun the reorganization, was in the czar's 
service. At the end of 1811 the latter broke away from the 
Continental System, making it clear that Russia, dependent as 
it was on colonial goods, could no longer endure this harsh 
tiscal policy, f 
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Napoleon In Russia. Russia’s defection meant wreck to the 
whole scheme ; hence in iSia Napoleon resolved to compel 
submission, collected the mightiest army — half a million men— 
that had yot been raised, and began the war in June on the 
Niemen — a war which ended in the most tremcnflous disaster 
yet experienced. 

Great Russian armies took the field, but he could not brin^ 
them to a decisive action. They retreated before him continually, 
fighting only rearguard actions and stripping tlie country of 
supplies, till they turned at bay at Borodino, where Napoleon 
gained a victory at cnorniou.s cost. Ag.aiii the}' retired ; a week 
later he was in Mo.scow, and that same night Moscow itself was 
in flames. The Russians had fired the cily without attempting 
to hold it. For a montli tlie depleted Grand A,rmy abode in a 
town that had been gutted, with no supplies oblainable, Then, 
on October ig, it set out on the return march across a country 
already laid bare, with the Russians hovering on its flank cutting 
off supplies and stragglers. A particularly cruel winter descended 
on tile now starving and exhausted troops. 

As they were crossing the icy Boresina, the Russian general 
Tchichagoff came up with 27,000 men and fell on Marshal Ney 
and the " Sacied Squadron." These auxiliary Russian forces 
had been released, because Stratford Canning, aged twenty-three, 
left as secretary in Constantinople in charge of the British Mission, 
without a chief and without instructions, without military or 
naval foxes to back him, had, after two years' personal exertions, 
concluded the Peace of Bucharest in 1812, between Russia and 
Turkey, thus setting free the Russian troops under Tchichagoff. 

It was a mere remnant that finally struggled back over the 
Niemen into Prussian territory under Ney’s command in 
December. Napoleon had hastened ahead to try to save the 
situationpn the we.st, but from this disastrous retreat liis fortunes 
never recovered. . 

Prussia and Austria were both Napoleon’s allies, but neither 
was disposed to offer him aid. Prussia was an ally only because 
since Jena and Tilsit .she had no choice. In f'ebruary, 18x3, she 
became Russia's declared ally. Metternich, the astute statesman 
who now ruled Austria, held aloof, waiting to .snatch Austria’s 
advantage as the new situation rerealcd itself. In Paris Napoleon 
wa.s organizing incredible new armies, calling in troops from 
Spam, cowing the west Germans. In May and June he was 
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able to deteat the, Prussians heavily at Lutzen. Austria's halp 
he did not obtain, because Metternich, hearing ot 'Wellrngton’s 
victory at the decisive battle ot Vittoria, and that the depleted 
French armies wore in full retreat from the Peninsula, saw that 
Napoleon’s position was really critical and that his demands were 
extreme and impracticable. In stormy interviews the statesman 
^nd emperor failod to come to any agreement, and Metternich 
at length decided to join the Allie.s It has been said that no one 
singlo act of Napoleon’s was so disastrous as this refusal of 
Metternich ’.s rea.sonablc terms. 

BattlB of the Nations. The first attempt of the Allies failed. 
Napoleon won his last great victory at Dresden (August 23, 1813) ; 
hilt (dsewhorc things went badly for him, his lieutenant.s suflering 
.serious reverses at the hands of the , 411105 . Then at Leipzig, 
October i6-ig, was fought the " Battle of the Nabons,” which 
ended in Napoleon's defeat and retreat over the Rhine. He stiU 
I'efused the offered terms, which would have left the Rhine, the 
Pyrenees and the Alps as the boundaries of France. Through 
the first three months of 1814 he fought on, on French soil, 
defeating the on-rolling armies of the Allies in detail (while 
Soult and Wellington were fighting in the south), but unable to 
stay the advancing tide, till he was forced by his own marshals 
and ministers to submit when Paris itself capitulated on March 31. 
On April 6 he abdicated. 

The Allies bestowed on him the principality of Elba — a small 
island whither he was exiled, between Corsica and th'e Italian 
coast — made a preliminary settlement of European boundaries, 
restored the exiled Louis XVIII to the throne of France, and 
arranged for a great congress to be held at Vienna for permanent 
settlement in the autumn. 

The five Great Powers, Austria, Russia, Prussia, Great Britain 
and monarchical France, were to act together for the restoration 
of universal peace. But when they met at Vienna the points of 
disagreement seemed likely to set them quarrelling instead, till 
the startling news arrived that the exile had slipped back from 
Elba, that he had landed in France on March r, that he was being 
hailed with acclamation, that he was on his way to Paris, and 
that hi.s old veteran.s were flocking to his standard. King I,ouis 
took hasty flight from his capital, and Napoleon was proclaimed 
Bmiieriir once again. 

The discords of the Powers were hushed in face of the peril. 
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Napoleon might make the most pacific declarations, but no 
Power in Europe dared to tru.st him. Whatever else happened, 
Napoleon must go. He had no intention of going, and he h^rl 
the enounous advantage that his affairs were under the direction 
of a single brain and a single will, whereas those of the A.llies 
were controlled by half a dozen different brains and wills, tie 
resolved to strike at once, and destroy his enemies separately 
before they had tinie to unite their forces for his destruction. 

Watoi’ioo. The armies of Austria and Russia were far awaj' 
In Hclgium there was a heterogeneous collection of regiments, 
Pfiitish and German.s, Dutch and Belgians, with the duke of 
Welfiiigton in command ; near at hand the Prussian forces were 
assembled under Bliicher, when, some three months after his 
first reappearance in Paris, Napoleon wa.s across the frontier. His 
object was to strike between Bliicher and Wellington before they 
could effect a junction, and to shatter first one and then the other. 
He almost succeeded. At Ligny he rlefeated Bliicher and drove 
him to retreat, Then he turned upon Wellington, who took up 
his .station at Waterloo, covering Brussels. Bliicher, however, 
aware of the vital importance of effecting his junction with 
Wellington, had not fallen back to his own base at Namur, as 
Napoleon supposed, but had wheeled northwards upgn Wavre, 
thereby eluding the force which had been detached to-Jiold him 
in check while Wellington was being annihilated. 

On June i8, 1815, Napoleon and Wellington were facing one 
another.i From a little before midday till late in the afternoon 
a stubborn battle raged, Wellington obstinately holding the 
slopes against the furious attacks of the French. But as the 
afternoon advanced Bliicher's troops were coming up from Wavre. 
Their arrival on the scene of conilict was decisive. As they 
crashed in upon the French right, tlie thin red line of the British 
hurled ba,ck the last desperate onslaught of Napoleon’s Old Guard 
and swept forward. The French brpke, the defeat became a 
rout, and the rout a same qui peiU, with the Prussians in pursuit. 
Napoleon's cause wa.s hopelessly lost. A few days later he sur- 
rendered himself to the commander of a British warship 
Napoleon, by the agreement of the Powers, was sent to spend 
the remainder of his days on the lonely rock of St. Helena, fat 
away in the South Atlantic, He died May 5, 1S21. 

Our Course in MoUern History is continued in Volume 5, 
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LESSON 16 

Kant’s Solution of the Moral Question 

piececlinf' lesson containod a brief account of a psycho- 
1 dortrinc, the doctrine of Sflf-determinism, the 

-IL rnrollary of wiiicii was Man s servitude to his dtsirc") and 
iinjmlses Man, in tins view is determined not by e\ternal 
fonts hut by his own tcmpciainciit We can say of any m- 
di\ iiliial, ho did so and so because he was that soft of person ” 
Exhibit a man s actions — as psycho-analysis iuccecds in doing — 
IS plot eedmy always from the leaction of his character to a given 
situitioa repiesent his character al any given moment as the 
deteimined result of his past actions and the chain of causality 
IS com I 'let 6 So far as ethics is concerned, tcui comprendre c est tout 
pariloHtm is the only m.s\im 

Kant admits the conclusions of this analysis, so far as they apply 
to Man from the point of view of anthropology ” So far, he 
says as men act according to inclination, do things because they 
like doing them, oi avoid them bei ause they dislike them their 
dct'ons aie what he calls heteronomous," governed by laws 
over which they have no contioi We often assume, when we 
are trying to explain human actions, that they are the rejiult of the 
interaction of character and environment, and are not, therefore, 
to be praised or blamed, but understood But, m addition to these 
lanoiis likes and dislikes, prelerences and prejudices which can 
be shown to have been determined for us there is a further judge- 
ment which we make — a moral judgement — which tells us not 
what we want to do. but what we ought to do The interesting 
tiling about this judgeirjent is its unqualified character Its 
commands are absolute In the first place, it does not make its 
injunctuius dependent upon the achievement of any end It 
dots not say, ' li you want to be happy and win the good opinion 
of yolii neighbour, or to go to Heaven, then you ought to behave 
in such avid such a way ” It says simply, " you ought to behave 
in such and such a way ” Secondly, it is absolute because the 
obhyation which it enjoins is not in the least affected by the 
strength of oui desiie to act otlieiwvise than in accordance wrth it, 
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It does not say. " you ought to do x, it your temptation to do y is 
not too great " ; it says, “ you ought to do x, whatever your 
temptation to do anything else." And in saying that you ong^t 
to do X, it implies also that you are free to do it. Thus the claim 
of morality cuts right acros.s the pull of inclinatiofi and de-sirc. 
Considered purely from the point of view of psychologjr and 
anthropology, Man is not free ; in the moral sphere u'e act and 
judge as if we arc free. 

Now the ground for this claim that we should act from the 
dictates of duty, irrespective of our likes and dislikes, cannot be 
found in the phenomenal world, which, as we have seen, yiekl.s 
<)rily'’ii basi.s for determinism. Therefore, it must he looked for 
oLsewherc. Kant’.s conclu.sion is that the moral self belongs to 
an<l flerive.i from a world other than the phenomenal world, 
namely the noumfmal world of real thing.s, described in jLe.ssun 14, 
(Voturue 3, page 5O3.) For this reason its claims are absolute and 
lake no account of likes and dislikes, circumstances and tempta- 
tions, which are, of course, on Kant’s view, all phenomenal. 

Kant’s Moral Imperative. Kant called the obligation to act 
morally “ The Categorical Imperative,’’ because of this absolute 
command which it makes. To say that it is absolute does not 
mean that we shall necessarily obey it. We may act usually, 
even always, as uon-morai phenomenal beings. Nevertheles.s, 
the claim is there, whether we like to recognize it or not, and it is 
called absolute because it is completely unaffected by circum- 
stances. .Kant, in fact, supplemented his doctrine of the moral 
will with a number of subsidiary con.siderations, 

For ft.^ample, he pointed out that right action demands neither 
e.'rplanation. justification, nor incentive. If a person acts wrongly, 
there is always some special motive which makes him do so. He 
lies because he wishes to convince so and so, steals IM ordef to 
become {xisses.sed of so and so. No incentive is, however, re- 
quired for truth-telling or honest deajing. In so far as we tell 
the truth or act honestly — assuming that we ever do tliese tlimg.s 
— we do them for their own sake. 

Kaiit derived a number of subsidiary rules from hi.s moral 
iniperative. A famou.s one is the rule to ’’ act only according 
to that maiiiin which you can at the ,<«ime time will to he a 
ruiiveiHal law,’’ ff, that is to say, an action is such tliat everybody 
could perform the same action witliout conflict or scll-contra- 
rUction, then it will be riglit. If we permit ourselves a freedom 
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of action which could not be extended universally, then we may 
be sure that we are going wrong. 

An imyiortant difficulty may be pointed out. Kant suggests 
that when we are acting from desire our action is determined. It 
is only when' we act morally that we are free. This suggests 
that whenever we act from desire — tliat Ls, whenever we do what 
we want to do — we are not acting morally, from which it .seems 
follow that we can always detect moral action from the 
circumstance that it is disagreeable. It may, no doubt, be true 
in practice that right action may generally be deftned as the 
iort of action we dislike doing ; but it is Certainly not always 
so, and a theory whicli suggests tiiat only tho.se actions "lave 
moral value wliich go contrary to inclination is iialile to torm 
the irasis ot an unpleasant and only too fauuhar kind of 
Puritanism, one which is never at a loss to prove that we are 
doing our duty whenever we happen to want an excuse for making 
ourselves unpleasant. 

Reading. Kant's philosophy is very difficult, and it is 
inadvisable for the .student to tackle it in the raw. The most 
useful small boolm on Kant are; Adamson’s "The Philosophy 
of Kant '' (Blackwood) and A. D. Lindsay's " The Philosophy 
of Kant ” IThe People's Library). 

LESSON 17 

Introduction to Hegel’s Philosophy 

H egel’s philosophy, like that of Kant, is exceedingly 
difficult, and the student is recommended not to study 
it inten.sively until he has a fairly general acquaintance 
with philosophical arguments and terms. In particular, a 
reading of Hegel demand^ a knowledge of Kant'.s philosophy, 
from the conclusions of which his own thought in almost everj’ 
case arises, Hegel is by far the most philosophical of philosophers, 
ju.st as Bach is the mo.st musical of musicians and Spenser the 
most poetical of poets. Thi.s <locs not mean necessarily that 
he is the best of philosophers, but merely that his work exhibits 
in the highest degree the peculiar characteristic.s of philosophical 
rmoning, and, perhap« for that reason, has a .special appeal for 
professional philosophers. During the last half of the nineteenth 
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centti ry his influence was all-pervasive in Germany He mfluenced 
in diffeient degrees all the subsequent German philosophers — 
even Schopenhauer’s work, although its author revolted frena 
Hegel’s influence, is, nevertheless, permeated by Hegel’s ideas — 
and it was cunently thought at the time of the Great Wai that 
Hegel’s theory of the State played a not mconsideiable part 
m tlu militant policy of Germany, which some considered ^ 
have been one of the main causes of the war 
lit g( I’s inlliK nee was by no mediis confined to Germany As 
on tlu Con tint nt, so m I tighind. Ins philosophy was dominant 
thioiiglioiiL tlu bittei pirt of tlie loth and the first few years 
of flu ^olli cenlurv ftis I n,^lish followers — F H Bindley, 
Bcinard Hosanquet and I H (,reen — ni're the loading philo- 
suphois of flic time, and it is only in the last twenty yrais that 
philosophy as a whole has emancipati'd itself from the doctrines 
of Hegel, from which theie has been a widespiead reaction 
Students vho wish to read Hegel are recommended to procure 
a book entilk'd ” Hegel s Logic of World and Idea,” which is 
a Iraiiblation of the se'rond and third parts of what is known as 
the ” Subjective Logic ” The book has a valuable introduction 
bv the translator, H S Macran, on the general cbaiactenstics 
of Hegel s thought F H Bradley’s famous book " Appearance 
and Realitv ” is the most impiessive statement in Enghsh of the 
Hegelian view of the world It is also a very eloquent book, 
passages from wtuch are accustomed to appear in anthologies of 
English uprose , and students who wish to understand the sort 
of woikl view for which Hegelianism is responsible, rather than 
to study the detailed structure of Hegel’s philosophy, would be 
well advised to read " Appearance and Reality ” 

HegeJ’s Monism. Hegel maintains Kants distinction between 
the w orkl of appearance and that of reality, but he conceives the 
woilJ oi icahty differently Foi him it is not a number of 
unknou n entities (Kant’s noumeiui), but a single, unified structure 
of thought If a palaeontologist discovers the thigh bone of an 
eiitnict crcatuie — a mammoth, let us say — he is enabled to 
construct an outline sketch of the whole of the creature from 
the one bone This is because the bone has a coherent relation 
to the whok of the cieatuie s striictuie It possesses, as it were, 
hooks which ht into the eyes of the othir bones, and eyes or 
sockets which nccive the hooks of its neighbours Thus, in 
VII flit ot its own charaotciistics, it deteimmes and. as xt wero. 
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pointb forward to tha characteristics of the other bonet, Hegel 
conceived each fragment of the universe, whether thought ot 
tlrng, on the model of the isolated bone It had, he thought, 
hooks which, grappled it on to the next fragment of rrahty, 
that was again linked to the next, so that the whole formed oae 
coheient, unified structure Reflecting sufficiently on any one 
part or aspect of reality, one is led by logical and inevitable 
stages to the whole, which is a unified structure of thought 
'Ihis structure of thought, besides constituting the world 
of lealily, contains within itself the woild of appearance aho, 
which IS to be legardcd as a partially icvealed aspect ol it 
Thus Hegel’s philosophy is an extreme statement of the view 
known as Monism, because it affirms reality to be fundamentally 
one unified whole, the appearance of manv difieient things 
being regarded as delusive Since the unified whole with which 
reahtv is identified is also a structure of thought, Hegel's philo- 
sophy may be called Monistic Idealism 

Axiom of Internal Relations. Hegel’s conclusions follow 
from two different lines of argument, which deal respectively 
with the nature of things and with the nature ol our thinking 
about things Ihe aigument about the nature of things is some- 
bmes calk'd the axiom of internal relations, and is as follows 
If ise seek to obtain a complete understanding ot any one 
thing, we find that the endeavour involves a necessaiy reference 
to other things This is because, taken by itself, a thing is not 
self-sufficient Thus an egg is more oval than a ball, mere brittle 
than leather, shinier than rock, and, if kept too long, it will 
smell Now all the^ie facts about the egg involve the relations 
of the egg to some other object or set of objects, and the egg 
must 1 ave these relations in order that it may be the thing it is 
Theiefore, the relations of the egg to othei objects determine, 
at least in part, its natuie, and partially constitute this nature 
'Ihey are not, strictly, like iiooks attached to the egg from outside, 
linking it to othei things, they jienetiate into its very being, 
making it what it is But the relations also have other ends or 
terminals, namely, in the things to which the egg is related Of 
these things, too, they will, by the same argument, form jiart of 
the nature or being But, if the relations are part both of the 
egg and of the objects to which the egg is related, the egg and these 
objects ate not leally distinct and separate, but form part of 
tha same related structure. Thcrcfoic, the apparent difieroiico^ 
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between things are illusory , taken m isolation, things are not 
understantiable, because they are not self-sufficient, that is, 
they are not real « 

Theory of Knowledge. Hegel’s theory of Imcnvledgc — how, 
that IS to say, we know the extemal world — is a special case of 
the doctrine of internal relations The difficulties in regaid to 
theory of knowledge which had been raised by Hegel's preders 
cpsiors were, he held, due to the fact that the problem had been 
wioiigly fuimulalcd Plnlosophers had thought of the knowing 
raind and of the object known as two diltcieiit things, and of 
knowledge as a relation which soiiiohow brought them into con- 
tact Lonrciving them as iiiiti.illy sep irate, they had never 
satisfactorily been able to bun;' tbcin togefhci Hegel insisted 
that knowledgt was, initially, a unity coiilaining two aspects 
— the knowing mind and the object known Take as an in^laace 
the knowledge of the pen with winch one is writing Hegel 
said, in effect, " You don’t start witli a mind or with the pen 
which the mind knows You start with an act of Icnowledgo 
— knowledge of pen ” Knowledge of pen is a unity within winch, 
by a snbse<juent act ot reflection, we distinguish the two sides 
or aspects — ” knowing mind ” and “ pen knoivn ” But the unity 
comes first It is, so to speak, what is given The distinction 
into elements or aspects is secondary and is made by aimd foi 
practical purposes Thus both a mind and a pen ate mental 
abstractions from a prior unity which contains them both 
They donnot exist in reality as separate isolated things. 


LESSON 18 

Hegel’s Dialectic and Absolute 

last Lesson couUmed a general sketch of Hegel’s 
I philosophy, and concluded wuth a summary of the 
Axiom of Internal Relations, which seeks to show 
that things which appear to be separate and distinct are not so 
in reality. A second chain of argument seeks to show that any 
particular theory or point of view, if piessed to its logical con- 
clusion, leads the mind into contiadiction The student of philo- 
bopl:^ 13 always being confronted vvitli aigumeiits each of which 
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seems irrefutable, but all ot which cannot be true, since some of 
them, at least contradict otliers For example, there are 
arguments to show that change or motion is unreal, instances of 
which were given in Lesson 5 (Volume i, page 572) There 
are other arguments to show that change, and only change can 
be real Some of these are considered in a later Lesson m 
oonnexion with Bergson s philosophy Both sets of aiguinents 
appear to be irrefutable, but they cannot both be time Again, 
as wo have seen, when considering Berkeley, a thing can be shown 
to be the. sum of its qualities we can hnd no substance behind 
these qualities Yet, if the world weie composed ot qua,Jities 
and only of qualities, we should be quite unable to account for 
the existence of things Again, theie are valid leasons for 
believing m free will , reasons equally valid for believing in 
deterrmnism 

Both theones cannot be true, but each undoubtedly seems to 
contain some truth If, then they could be assimilated in a 
wider theory, which embraced both the contradictory opfiosites 
that wider theoi^ would contain more truth than either taken 
in isolation Thus, in its search for truth, the mind is dnven 
forward ■ft) a wider view that underlies both the previous con 
tradictoryr mews This wider view will be confronted with its 
opposite, and the mind will be driven to formulate something 
still more embracing This process, known as the dialectical 
process, proceeds indefinitely, until we reach the complete view 
of everything, or the whole truth about everything thcTt is To 
this there will be no contradictory Moreover since it is related 
to the whole about which it is the truth, it will, by the Axiom of 
Internal Relations, be continuous with and part of it The whole 
will, therefore be mental it will be a structure of thought 

Contradictions of Time and Space. Hegel's philosophy travels 
many different roads, but all come to the same conclusion He is 
continually pointing out the contradictions in the conceptions 
which the unreflecting mind takes ol the outside world Take, 
for instance, the concepts of tunc and space As a fairly simple 
example, we will proceed to show that no period of time can 
elapse Suppose, let us say, that wc take the period oi halt an 
hour , now half that period must elapse before the whole of it 
This leaves us with a quarter of an hour 

Halt this quarter of an hour must elapse before the whole qf it 
This leaves us with seven and a half minutes Half of the seven 
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and a half minutes must elapse before the whole of it. In this 
way we continue to shorten indefinitely the period of time which 
has to elapse ; but. however short the period remaining, it wSl 
.still be true that half of it must elapse before the^whole of it. 
Something must always happen, therefore, before any period of 
time can elapse ; before this something happens, something else 
must first happen, and so on ad infinUtm. Therefore, no periocl, 
of tinic can evei- elapse. 

Space, like time, is infinitely divisible, .since however small a 
piece of space you take, it can always be halved. Space, there- 
fore, ^coiihi.sts of infinitely .small piecc.s of .space. But to add any 
iiuinher of infinitely small things togelhor, iioue of which occupies 
any .space, is not to produce space. Thu conclusion seems co be 
that timu and space will not boar tliiiiking about, because to 
tliink about them is to land oneself into hopeless coutradiclions 

The solution which the Hegelian philosophy offers to these 
difficulties la to say that they arise because the concepts they 
involve, e.g. time, space, matter, are only partial, and have 
been abstracted by the mind from the whole to which they belong 
and in which alone they have meaning. Take a heart or a 
lung from a body or a note out of a sympliony, and the heart, the 
lung and the note are, literally, difierenl entities from §'hnt they 
were in the wholes to which they respectively belonged. Let 
us assume that they were only found in these wholes and never 
found outside them ; then to consider them as they would be in 
isolation---that is, outside the wholes in which alone they have 
being — would be to falsify them. 

In just the same way, Hegel bolds in considering coiiccpls 
such as lime, space and matter divorced Irom the whole of reality, 
we are considering them as they, in fact, are not, and, therefore, 
inevitably land ourselves in difficulties and contradiction.?. 
Restore them to their places as aspects of the all-embracing whole, 
to which they belong and in which* they are found, and the 
contradictions disappear. 

The Absolute, Thu.s the process of philosophic reasoning 
leads u.s forward to a fundamental, all-embracing thought- 
fitnicture, within which all differences between things are over- 
come and all cotitradicti(m.s between theories reconciled. This 
fundamental reality is Hegel’s Absolute. All views of the 
universe other than that taken by the Absolute of itself, being 
partial, i.e. not the whole truth, are infected with error. It is 
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for this reason that they represent the universe as a collection of 
different things, and not as a unified structure of thought. The 
differences are, however, on a deeper analysis, shown to he 
unreal. Hegel's Absolute is a timeless structure of thought; 
it is all reality and the only reality. Everything which is, every- 
thing which can be thought, consists of different manifestations 
of the Absolute, which is, nevertheless, wholly present in each of 
Ks manifestations. 

The following books are recommended for reading in connexion 
with lliis T-esson ; " Hegel,” by Edward Caivd ; '' The Logic of 
Hegel,” by 'William Wallace; "Appearance eind Reality," by 
F. H, Bradley. The last should he attempted only when the 
student has already gained some considerable acquaintance with 
philnsophical tlmught and methods of expression. 

LESSON 19 

Pragmatic Theory of Truth 

M ost philosophy since Hegel consists of a succession of 
Reactions from the ideali.stic monism which ba.s been. 

' briefly described. The whole.sale reaction of the 20th 
century from the ways of thought of the igth has not left pliilo- 
.sophy unaffected, with the result that the early years of the cen- 
tury witnessed the rise of a number of different philosophies 
each of wliich began by contesting the conclusions of Kant and 
Hegel. In the first place, the philo.sophy of pragmatism — a 
method of thought rather than a system of conelu.siou.s — ^threw 
doubt on the possibility of absolute truth and absolute knowledge, 
erapliasized the efficacy of human whll, and suggested that in 
knowing we make a universe to suit our purpose.s. ^Secondly, 
the philosophy of Bergsof criticized the static implications of 
Hegel’s Absolute, tlie notion, that is to say. that time is unreal 
and reality changele.ss, and developed a philosophy from the 
opposite jtremise that, literally, the only real thing in tlic universe 
i.*; cliango. Tliirdly, and most important of the three, tlie philo- 
sophy known as realism criticizes the idealist notion that things 
which ate known depend for their existence on the knowing mind, 
and asserts that knowledge plays no part in the creations of its 
objects. 
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PRAGMATISM 


Realism in it-s irnlial stages endeav'oiired to take a more com- 
moiisense view of the uuirorse than the philosophies of Kant and 
Hegel Its methtids were simple where tJieirs were complex, 
finpiueal where theirs were a. pniin (tee Les-son Volume 2, 
pat;e 564, for am explanation of ihe&e terms) Taking its prob- 
Ifins one by one, it endeavouied to solve them piei emeal, being 
content with a senes of isolated truths inslead of seeking to reach 
the wlioleof truth ; prepared to study appearanees and toabandon 
the elfort to penetrate thioiigh to reality Very soon it proceeded 
to deny that the distim-tron hetween reality and appearance 
was 41 leal ilistint tion It is these movements of leaction and 
the flevelnpmenls which siiring fiom them tiuit will be con- 
sidorcil til this and the ensuing Le-^soiis. 

Pragmatism. This is less a sysltin than an instruinent for 
deslioying other systems As fonnulafecl by William James, 
Profe.ssor Dewey and Dr Schiller, it has liccorne the enjaw lemble 
of philosophy, deriding the claims of philosophy to be absolutely 
true, and even denying the possibility of such a thing as absolute 
truth. Its leading doctrine is that what wc mean by truth 
is " that which works," that a tiue belief is simply one that 
serves on the whole the purposes of the )ierson who holds it ; 
this cuts at the root of our conviction of the existence of objec- 
tive truth and the possibility of achieving it. At the same time, 
pragmatism is a philosophy peculiarly suited to the temper of 
the age It embodies the scepticism, the fluidity of hypothesis 
and the ’readiness to adopt piovisiona! views and .see how they 
work, of a generation which takes more kindly to the tentative 
and experimental conrlusions oi .scienre than to the dogmatic 
certainties which leUgion asks us to lake on trust It is a'so 
.sympathetic to the teachings of evolution, introduemg, a.s it 
were, a kind of stiuggle for survival between competing claims 
to truth ‘and .suggesting that the one which seems, or, indeed, 
h, truest i.s the one winch has the greate.st survival value 

The basis of the doctrine is a certain kind of scepticism Tra- 
ditional theology has piofessed to be able to prove the lunda- 
nientai doctiinus of leligioii Its ojiponenta piofess to he able 
to disjsrove them. It has subsei|uently appeared that they are 
capable neither of vnoot nor of disproof William Jame.s tacitly 
Uisuiiied that there was no evidence one way or the othei lor 
religion Yet we must, be held, believe bomething, if only 
bcfaii.se we have to act. 
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James's conclnsion is that, although there is no evidence in 
favour of religion, we may as well, nevertheless, believe it, if 
we find satisfaction in so doing. All belief, he is inclined to suggest, 
involves risk, since wR cannot know any belief to be true. "That 
being so, the test of the truth of a belief will be not conformity 
with fact, but ability to work — that is, to serve the purposes 
r^icb led to the belief being entertained. 

The Continuum. William James considers that previous philo- 
sophical theorie.s are founded on a false theory of perception, 
Locke, Rerkek'j' and Plume thought the raw material of sensation 
was u number of distinct, isolated impre.ssions between w'licli 
the mind never perceived any connexion. James maintained 
tliat it wa.s what he called a conlinuitm, i.e., a general confused 
blur into whicli the percciver's mind inserted stop.s and gaps, 
thus brealdng and cutting it up into the world of separate objects 
we know. Thus, the relations between things are actually 
given in exyierience no less than the thing.s themselves ; what 
the mind does is to make them explicit. The instruments whereby 
the mind effects this cutting-up process are concepts, i.e., general 
ideas in the mind which vary according to the interests and 
training of the perceiver. Two men with different concepts 
make diffej'ent cuts across the continuum of experience, and 
so percei'^e different worlds of objects. From this it seems 
to follow that the mind perceives, on the whole and within limits, 
what the perceiver likas. Pragmatists do to some extent really 
hold this belief. 

Theory of Truth. Pragmatism proceeds to inquire what it is 
that, on the whole, makes us think a particular belief true. The 
answer given is that we shall think it true, if it serves our purpose 
to believe it to be so. We are familiar with the view that religion 
invent.s God because men find it necessary to believe in Him, 
and pragmatism goes on to point out that it is only in So far as 
it gives emotional satisfactiSn that any religious belief is enter- 
tained Starting with the position that we think true that which 
furthers our purposes or gives emotional satisfaction, the prag- 
matist proceeds to affirm that serving our purposes, or " working ' 
in practice, is the moaning of truth. 

In this connexion he takes as an illustration the procedure 
of tine scientist. Scientific theories first appear as hypothe.scs, 
which are entertained for just so long as they work, being aban- 
doned when new evidence is discovered which convicts them of 
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inaclcqiwcy. The hypothesis is then niodiried to embrace the 
new evidenre . the moiUhed hypothesis is tound to work — that 
IS, to syive ttie fuirposea ot the scientist better than the ongigal 
one— and is. therefore regarded as true foi so long^as it does so. 
Thus scientific theories and even scientific laws are not absolute 
liiilhs, but aie postulates their liuth is continually sub)erted 
to leview and piogressively established by suciesslul tests ^ 
'Iriith IS, thu-s, provisional and rnaii-inade not soinethuig 
list'd and absolute, but changing as the puiposes served by the 
heiicls that purport to be true themselves change and alter 
'lln; inoie often action on the assumption ttiat a belief is true 
lb found to produce satisfactory resulti., the truer the belief 
become.s, Thub, the te.st of the tiuth of a belief is not lonfoiraity 
with fact, but success m piomoting actnevenient of desires. 

LESSON 20 

Realism in Modern Philosophy 

T he pragmatist re]ects tlie commou-sense meaning of truth 
as correspondence with fact, partly because he denies 
the existence of esternal independent facts with which 
our beliefs could correspond This denial -ipnngb direct from the 
conception of the oonhnuuin (described in the pieceding Lesson). 
If realiJy is conceived as a confused formless blui, from which 
the mind carves out objects to serve its purposes, it follows liiat 
lact, like truth, is a creation of the human intelligence, beanng 
upon it the imprint ol the purposes the fact was created to serve. 
All knowing, according to pragmatism, is relative to doing. 
Hence, knowing a (act involves acting m reference to the fact 
known thii.s to believe in a tart is to after it- If the belief 
alters the fact m haimotiv with eur wishes, then, according 
to the piaginatic, thcorj' of truth, the belief in the fact is true, 
and it follows that the fact asseiled by the belief is real If tiie 
belief altcis tlie fact in sonic nay winch is not entirely satisfactory', 
the belief is abandoned and a modified heliel is sulistituted tor it. 
This modified behel will a.-wrt a tact ot a somewhat different 
clniiacler, which will be nioie in harmnnv with the wishe.s which 
ley! us to entertain the belief f'onsequcntlv the substituted 
tiehef mil ba truer than the onpmal one. and tlie modified fact 
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which the belief assert'5 more leal than the oripnal fact. la 
this way our belrofs make the facta which they assert. Thus 
M.an is the measure of all thmss, of leality as well as of truth, 
the relativity both of fact and belief to our interests and purposes 
being the undei lying thread which runs through the whole o£ tlie 
pragmatic philosophy. 

, Moclorn Realism. Realism, a comparatively modern, move- 
ment 111 philosophy, assumes many d'fferent forms, between 
some of which there is little in common. All Realists, however, 
concm m lejectmg ihe idealist view of reality as fundamentally 
mental in charailer, and the idealist analvsis of the prreess 
of sense-perception. Most Realists begin, tliciefore, by addiess- 
iiig theniselve.s to the pioblem of perception, with a view to 
lefnting the conclusions of Berkeley and e.'chibiting the object of 
knowledge as independent of the knowing mind Among Realists 
may be mentioned the English philosophers Bertrand Russell, 
G. E. Mooce, S. Alexander, J. Laird, and C. E. M. Joad ■, the 
American philosophers Profcssois Holt, Perry, and Montagu ; 
and the Austrian philosopher, Memong 

Consideration will be given to two typical forms of Realism, 
the first of which results m a view of the world not widely 
dissimilarj^ifrom that of common sense; the second, known as 
Neo-realism, issues in conclusions which are remote from those 
of the ordinary man. 

Common-Sense Realism. It is an axiom with most • Realists 
that in perception the knowing mind is brought into contact with 
and made aware of something other than itself. This propo- 
sition is regarded as self-evident. 

For Mcinong there are three elements involved m perception ; 
(a) act of knowing, (b) object of the act, (c) content of the act. 
In any two jierceptual experiences (a) is the same, being con- 
ceived as a bare activity devoid of features, Yet perceivmg a 
table is obviously a different experience from perceiving a chair. 
That which makes the experiences diffeient is a diflerence in the 
respective " contents ” ol the two acts, a table content in one 
Case and a chair content m the other, and what makes the 
contents different is the different objects upon which the acts are 
direct (id. But if (a) the act is to be stopped of all features, all 
the difleiencn.s between perceptual experiences being refcijjed 
to (c) the content, (a) tends to become mythological and most 
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Realists piefer to eliminate it altogether Accordingly, we have 
theories which postulate only two elements m pciception, the 
act of peiLCiving fa) which is. qualitatively different in any tv^o 
perceptual cxpeiiences , the object (b) on which it is directed 
Now, it IS obvious that we cannot say that (a) represents the 
whole of (h) to the mmd exactly as (b) is otherwise it would be 
impossible to explain how two people have different peiception^ 
of the same object To meet this difficulty it is necessaiy to 
miphasi/e the activity of the mind in ptrception This activity 
IS, rhicfly sIkiwh m fwo ways, the mind selects from the total 
si1 nation prewrited to it ind gO(s out beyond that situation 
1 (t iij suppose, to take an example of fhofessoi Dawes Hicks’s, 
ttiat a botanist, an artist and a colour blind person arc each 
looking at a red rose (R) In view of the difleiences between the 
interests of the first two, we may suppose tlial their attention 
v/ill be directed to different aspects of what they see , that the 
botanist will notice aspect ri. and the artist aspect 12 The 
colour-blind man, owing to the peculiarities of Ins vision, will 
again see a different aspect of the whole R. which we will call 
rj Now, although ii, ra and rg are all different, we aie not 
justified m supposing that they are therefore mental, or that they 
do not exist in reality as aspects of the whole R All the aspects 
of the objects that different people see aie in fact leal find given 
in the actual situations, but different featuies of the situation are 
discriminated m or carved out of the given whole by different 
perceivers, because of the differences m their training and mstincta 
and the consequent differences m what they attend to 

In the second place, the mind obtains fragmentary data in 
actual peiception which it pieces together to form objects Tf 
we look at a table, all we in fact see is a couple of legs, the edge 
of the table top, part of a shiny brown surface, and so forth The 
table itsSlf we do nut see It is the mind which goes out beyond 
these isolated fiagracntary bits of material and puts them 
together to make a table Dilfetcnt people may piece then 
perceptual material together differently , also in the process of 
going out boy oncl what is given, the mind, which must of necessity 
make jumps, may fall into error 

Endeavours ate niaile by Realists on these lines to account for 
the fact of differing jiercejiUoiis, while nevertheless maintaining 
that what is peicelv'ed exists independently of the perceiver 
0«r Course In Pliilosuphy is continued m Volume 5 
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, LESSON 11 

Reaction of Gases to Changes in 
Temperature 

A s we saw in tlie precediitf* Lesson, the effect of heatiiic; a 
gas LS usually constdered under two d'S'tuict sets of con- 
ditions hi the fust case, vve consrrTef the voliune of the 
gas as constrained to be coriitant, when common e'Ciieriimce h’arls 
us to anticipate that there will lie a rise in Lbe pressure Tii a 
earefut experiment, it is possible to measure the pressure of a 
fixed woturae of gas under different conditions of temperature, 
and so find the relation between pressure and temperature “ at 
constant volume ” 

The graphical method perfiaps shows the results- of tiiese expen- 
ments to the best advantage, as seen in Fig i . It is clear that 
the relation may lie expressed as a straight line Actually, i£ 
we let P„ be the pressure at o® C. and be the pressure at t°C., 
the relation between these is Pj = P„ {i -f- fil), where is a 

, p p 

constant ftihich is equal to - In such instances, therefore, 

Pflt 

(S is Called the “ coefficient of increase of piessure at constant 
volume.” Experiment shows that this is a constant, Ijaving a 
value of about (•cioqbb) Examination of the curve shows 
that it would intersect the axi.s of temperature at — 273° C. ap- 
proximately, This IS also seen if we consider the equation. For 
example, vvhent = — loX.. Pf= P„ (i—iVs)’ when t = ■^273, 
P, « P„ (I - !f-l) = o. 

The temperature of — 273" C. seems to be one at which gases, 
if they refiittined ^ases, would have no piessure. More of this ig 
said in (he next section Rfioie we leave this ” pressu re-tempera- 
ture " relation however, there is a point winch will be apparent. 
If we enclose a volume of gas and always mam lain its volume 
constant, we can use the pressure-temperattire curve to measmo 
unknown tcmpeiatmes T’his is the piincipie underlying tlie 
tan^taul wthime gat ihtyminnHer The pressure at melting ice 
temperatnre and the prrs.sure at boiling water tcnifwatura 
(boiling at a pressure of 76 etas, of mercury) are talren as the 
■“ fixed pointB,” The si^e of the degree is of this ” futida- 
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mental interval." and is ver>' ranily the same as the ordinary 
CeiiliKTade mercury thennotnetet unit If the bulb which coii- 
tain.s the gas is placed in an unknown tcnipi'ratme enclosure, aijd 

the pressure to main- 
tain the volume constant 
correspnnrls to, say, AB 
(Fig. r). the tempera- 
ture can be read ml 
the curve to be about 
185° C. This type of 
constant volume ther- 
mometer has been Used 
in tlie past to measure 
high Icmperahirea. 

Tamporatun Constant Pressure. 

T le second method of 
studying the effect of temperature on gases is to maintain them 
at constant pressure and examine the change which takes place 
m the volume ol the gas. Expenment shows that the volume at 
constant pressure is related to the temperature in a way similar to 
the pre.ssure variation at constant volume. In fact, if we plot vol- 
ume against temperature we have a curve identical with that of 
ig I. Tlie equation which shows the volume-tefinperature 
relation is = V„ (i + ^t) 

where is the volume at t’ C. and V„ is the volume at 0° C. 
Further, the value of a is found by experiment to be very 
nearly, so that it would appear that, if a gas remained as a gas as 
the temperature was lowered, it would have no volume at all at 
- 27 . 3 ° C. This temperature is, therefore, called the absolute 
zero ; and a scale of temperature, called the gas scale or absolute 
scale (A"), is u.sed. This has its zero at -273“ C., and the size of 
degree is’ the same as on the Centigrade gas scale. Thus 0° C. is 
273 A. (absohitej i again, 100^ C. 273 -|- 100 = 373 ° * 

t° C. = (273 -p t)” A., and may be written T”. (It i.s customary 
to use capital letters to indicate absolute temperatures, i.e. tem- 
peratures on the absolute scale). Considering only the constant 
pressure changes, we have ; 

where T =, 273 -f t and is the equivalent of tX. on the absolute 
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scale ; To is the equivalent oi o° C. on the absolute scale. This is 
often written ; 

=Vt Vo V 

Tjr = ;p,or— is a con.stant, which is another way of saying that 

i. Iq 0 i 

V is proportional to the absolute temperature. This is called 
" Charles' Law," and was also discussed in the Chemistry Lesson 
m Volume i, page 171, as it is always used when dealing with tha 
volume changes with temperature We must now, of course, 
remember that at low temperature gases are liable to change to 
liquid, and that the above relations do not apply when we have 
a change of state of this kind. 

Liquids and Vapours. When water boils it changes to steam, 
a gaseous form of water. Even at ordinary room temperatures 
water evaporates and forms a vapour, as we know fi'om the fact 
that water in an open vessel gradually disappears. If we have a 
closed apace and introduce a small drop of water into it, we have 
a vapour which is imsaliiyated This obeys Boyle’s Law and 
Charles' Law. If now we introduce more and more water, we 
finally come to a state when the water does not evaporate into 
the closed space any further. We say that the space is saturated 
with water vapour. We discussed this in terms of the molecular • 
theory in-Lessoii 8 (Vol. 3, p. 573), and saw that the imsaturated 
vapour is due to quickly moving molecules leaving the water. 
In the saturated state the molecules still leave the water, but as 
the closed space has as many molecules 
in it as it can contain at that tempera- 
ture, we have as many returning to 
the liquid as leave it in a given time. 

Both saturated and unsaturated vapours 
exert a pressure, as may be shown by 
using the space above the mercury in a 
barometer tube as the " clescd space ” 
referred to in the above paragraph. If 
water is introduced, drop by drop, in 
the *' Torricellian vacuum ” above the 
mercury, it is found that the mercury 
is depressed owing to the pressure of 
the water vapour 

Finally, when sufficient water has been introduced to saturate 
the space, as judged by the fact tliat a little water remains as such 
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on the mpicuiy surface, it is found that the water vapour — called 
the mluraled watt) vapour — e-^eits a ina'iimiini piesmire at the 
limpeiature oi the expcimient This is called the satuiatgd 
vapour pressuie It can be measured m the way mdiiated m 
I'll' 2, where the left-hand baiometer is an oiriiiiary^ one and the 
nght-liand tube contains free water over the mercury The length 
h us the salinated watei vapour in ems of mercury at the tempei- 
aturc of the expeiiment 

If ttie temperature nses the saturated vapour pressure gets 
biggei and, finally, for water, vihcn the temperature is raised 

to too' C , wtien the fiaioineter reads 76, the watoi boils and the 
1 ' 
meiruiy in tin tube is forced ikiwii to the level of the mercury 

outside In ottior wouls, the saturated vapour pu’ssiire becomea 
equal to the outside pressuie If the haiometei is low it is not 
necessaiy to heat the tuho to 100° C to hnng this about That is 
to say, the '■ a er bods at a tosver temperature than 100® C This 
lb true m all cases Take, foi example, the case of water boding 
up a high mountain, where the atmospheric piessure is always 
much less than 76 cnis ol mercury the boiling point of water is 
coiTSspondingly low — it might be as low as 174 ’ C On the other 
band, if the pressure is met eased the boding point is raised This 
IS accomplished in boilers, “ digestors ” and the like, where the 
steam is not allowed to escape until the pressure is hif^h enough 
to open a valve at a set pressure The temperature can, ui this 
way, be raised to quite high lalues due to the steam pressure 

It wilbbe seen now why we found it necessary to stipulate tho 
atmosphenc pressure when talking about the upper fixed points 
of a thennometer, as watei bods at 100° C. only when the pressure 
is 76 ems 

Liquefaction of Gases. All tlie gases we have regarded in a 
general way as being the natuial state of the element concerned, 
(1 g oxygen, nitiogen, etc . can be consideied simply as unsaturated 
vapours of the coirespondinp liquid estate The so-called per- 
manent gases ” are no exception to this lulc If we take the 
projier steps, W'e can convert them to saturated vapours and liquefy 
them 

Some g.usea respond to the sumc treatment as satmated vapour 
st watt;r--simply cool them Othem lan be hquened by pnssine 
inly (e g sulphui dioxide), but in the latter cusc tlic gas must be 
nelow a temjieraluie winch is critical to the gas itself At ordm- 
ary loom tempciature-s, for example, sulphur dioxide may be 
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liquefied by pressure only because it is below its critical i&mperatHH, 
Many early attempts at liquetaction of gases were carried out 
wj^bout success, as the critical temperatures of the gases concerned 
were below the temperature of the room, so that in spite of the 
ingenious and dangerous efforts of the experimenters in producing 
really large pressures, no success attended their efforts. 

We realize rio\vaday,s that no pres.sure, however great, can bring 
about liquefaction, unless we first cool the gas below its critical 
temperature. There are many ways of doing this. The siinplo 
method of producing a small amount of cooling is to use a freeing 
mixture. Ordinary salt, calcium sulphate, etc., when mixed jvith 
ice, reduce the temperature below zero, but not very much below. 
However, this temperature (15“ to 16“ below zero) can be used to 
liquefy certain easily liquefied gases, and the liquids so formed 
may be used to produce cooling in other gases, and so on. 

To produce a really appreciable drop in temperature the 
method which has been most utilized is the expansion of comf’reS' 
sed gas. It is well known that if we compress a gas we proihice 
a rise in temperature ; all who have pumped up a bicycle tire will 
have experienced this effect. Conversely, if we allow the com- 
pressed gas to expand suddenly it cools. So if we compress a- gas 
— say, air-y-and cool it as low as possible by surrounding it with a .- 
'low ‘cempeTatute 'Dat’n \iTee 7 ,ing mix'cute.Mqufe'heh car'otsn 
etc.), and then allow it to expand, it will cool still further. This 
process is used to liquefy oxygen, nitrogen, the mixture called 
air, etc. ^ 

The gas is raised to a pressure of many times that of the normal 
atmosphere and is then cooled and led through a metal spiral 
tube contained within a second spiral tube. By means of a pm 
valve the highly compressed gas is allowed to expand and so 
become cooled. The cool gas passes into the space betweei' the 
two tubes, and reduces the temperature of the oncoming com- 
pressed gas in the inner spiral tube. This cooled gas is then 
allowed to expand and cool still further. The process is rep^iated 
continuously until, finally, the expansion results in the liquefac- 
tion, of the gas. This method is called the regenerative cooling 
prbce.ss. At a temperature of —183° C., air was liquefied (te- 
at 317“ of frost on the Fahrenheit scale) and in turn the so-called 
peWianent gases yielded to this form of treatment, and, finally, 
helium, the last of the ga.ses, was converted to a liquid. Recently 
at Cambridge a large plant was in-stailed for the production of 
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supplifis of liquid helium so that certtUri physical investigations 
could be made at the extremely low temperature of this liquid 
( -2Cq“ C.)— at a temperature sufficiently low in tact, to 
iippuiaching the alrioliite zero (it is actually abouf^ 4“ A.). At 
Ihesc very low temperatures iviattei takes on very interesting 
proptrtu’S. Kiectne resistance, for example, becomes exceed- 
ingly small, and the metals become ''super conductOTS " — ^ 
well-earncfl title in fins ease If a ring of metal at the temperature 
of liipiul heluun has an cicctnc current induced in it, the current 
goes on flowing lot days We shall reliirii to Ibis qiiBStion later, 
,An inUneSiting outcome ol tin- production ol these liquids at 
such low leiiiperutuu: was llic, lad tlial al ordiiuiry temperaturo 
lilt; liquids were well atiove tivcii lioiling point, and conseqiuMitly 
tiiey fiijilcd away with extrenie rapidity I.iquid air, tor exaniplc, 
when placed on icu lieliavus in tlie same way as would water 
placed on a dull red-tiot metal. Oiwvar, wtio svas tiic; first to pro- 
duce liquid air was confronted with the problem of how to store 
the liquid when he had produced it ; he solved the problem by 
making the Dewar tiask, also called the thermos finsli For the 
moment we can assume that the liquid can be stored, and briefly 
consider what properties ordniarv matter has when at the tem- 
perature ol liquid an ,, 

Most .substances change their elastic properties. For»e.xample, 
a bell made ot lead is u.seless at ordinary temperature, but will 
ring with a good clear note when cooled down in liquid air At 
this terofierature a lead spiral acts like a spring and will .supjiort 
a weight . flower.s become brittle and may be easily powdered into 
fine dust : grapes, meat, india-rubber, etc., all become brittle 
anti may tie smashed into a thou.s,iiul pieces it hit by a harnraer 
when at this temperature F.vc'ii mercury becomes a bard solid j 
the writer ha.s often motildod mercury into the torrn of a hammer, 
and used ttii.s hammer, made ol mercury {roxen solid in liquid air, 
to dnve nnil.s into wood. If thes» things happen at such a 
temperature as — tiiq'' C., it Is cleat that we can " expiect the 
tmcxpei.ted " at —ado', the temperature ot li(|iiid helium , and it 
sceriifi that much iis/dul inlornuilion will be obtained by the 
espcrirntuts at the.se exlieiiiely low tempeiaiiiies. 


{ 52.1 > 



PHYSICS 


LESSON 13 

Three 'Methods of Heat Conveyatice 

I N the previous Lesson we considered the production of vei-y 
low temperatures and the liquefaction of so-called per. 
manent gases. We found that, when air was liquefied, 
there was a great difficulty in storing it, as it so rapidly boiled 
away at ordinai-y temperatures. The thermos flask, which Dswar 
invented to overcome this difficulty, attains its object because 
in the design steps were taken to eliminate all gain of heat from 
the outside by the liquid kept within it. Most of us have used 
a thermos flask and know that we can keep hot liquids within it 
at a high temperature, and cold liquids at a low temperature. 

What Dewar really made in this flask is a good thermal insulator, 
i.e. he was able to cut down to a minimum all heat transference 
to the inside of the flask. To understand how this is brought about 
we must be acquainted, as he was, with the methods by which 
heat can pass from one place to another, and so see how to prevent 
its passage". We recognize three general methods by which heat 
is conveyed from point to point ; these are known as the methods 
of conduction, convection, and radiation. 

Conduction, In conduction the random agitation (Jmv®) of the 
molecules of the substance conveying the heat passes from 
molecule to molecule through the mass of the substance, whose 
temperature rises in consequence along the length of the con- 
ductor of heat, A good example of conduction is to be bad if a 
poker is left in a Are. The end remote from the fire becomes hot ; 
we know also that the intermediate parts ol the poker are hotter, 
i.e, we recognize that there is a drop in temperature Along the 
length of the poker. In fafft, the thermal agitation passes from 
niotecule to molecule, and so the temperature rise spreads. 
Substances behave differently in this respect. We have good 
conductors of heat (e.g. silver, copper, and the metals generally) 
and bad conductors of heat (paper, wood, etc,). As an e.xample of 
a bad conductor perhaps the most obvious is the case of wood. 
Aa ordinary match when burning can be held until the flame 
is almost at the fingers, but no discomlort is felt, as the wood js a 
bad conductor of heat. Asbestos paciring is used round hot-water 
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pipes and some of the newer hot-water storage tanks, because it is 
Bur.h a poor conductor of heat, and so enables the hot water to be 
stored with ver>’ little loss. Glass is anotlier bad conductor. 
Certain silver teapots are highly decorative, but. when provided 
with silver handle.s, are extremely unjileasant to fiold, because 
silver is one of the best conductors of heat and so the Viandle be- 
comes very hot. On a cold day we again find common examples 
in the, difference of tkevmal cnudmtivity of different snbatanco?. 
[{ we touch a metal object it seems very cold, as heat is conducted 
from the hand via the inclal ; whereas, if ivo touch a wooden 
object, which we Icnow is at the .same leinperature, it fects much 
warmer, because heat is not conducted away by the wood. 

Convection. rdquid.s, generally speaking, are very poor 
conductors ol heat. If we take a tesl Lube and fill It with water, 
weight a piece of ice so that it sinks to the bottom, and then apply 
a flame to the upper part of the water in the tube, we can boil 
the upper layer vigorously without having any appreciable effect 
on the ice in the lower cold layer. 

In this e.Nperiment it will lie noticed that the heat is applied 
to the top of the liquid and any thermal conductivity is downward. 
This was done deliberately, because, when heated from below, 
the temperature of the water is raised by another preycess called 
ccmvection. This is the method whereby liquids and gases are most 
often heated. The lower layers, when in contact with the supply 
of heat, naturally become hotter ; they expand, and so, becoming 
less den3e than the rest of the fluid, they rise within it and carry 
the hot portions bodily through the re.st. To take the place of 
the hot fluid, cooler fluid sinks and, in turn, becomes heated, 
until the whole mass acquire.s a higher temperature. In con- 
vection it is seen that there is this bodily movement of the heated 
fluid. It is not a case of passing on the temperature rise from 
molecule to molecule, but rather a movement of the agitated 
inolecule.s yicliUng place for the slower moving one.s to come in 
contact with the heat source and so be raiseil in temperature. 

This prcjcess of convcctiirn is the cause of land and sea breezes, 
considering a iarge-sc.ale case. In summer, when the sun shines 
on land and sea, the laud, of low specific heat, becomes hotter 
than the .sen. The .air in contact with the land rises and colder 
air from over the sea comes in, as a sea breeze, to take its place. 
At niglit, when there is cooling, the land cools quicker than the 
sea, and so the reverse process takes place and causes a laud breeze. 
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H the circulation of the air is stopped this method of heat trans- 
ference is eliminated. As an example ot this, vve notice how much 
qpicker a pan of water boils when the lid is on than when the 
pan remains open and allows a continuous convection of the heat 
from the surface of ihe water. 

Radiation, Both the methods ol heat transference we have 
qprtsidered depend on the presence of some form of material 
■substance. If the hot body conki be supported by a fine tliread 
of a very bad conducting material and be placed in a vacuum, 
the lieat-loHS by these two methods could be practically eliminated, 
and yet wc ■should find that the temperature of the body would 
fall. The reason is that it loses heat by the process of radiation. 

It would appear from what has just been said that heat in tha 
form of radiation may be tran.smitted without the help of any 
material medium ; this is the case, and is the important distin- 
guishinp feature of the proce-ss. 

Perhaps the best example of radiation, and certainly the most 
important to us, is the passage of the heat irom the sun to the 
earth, We know that there is no material in the vast interstellar 
space through whicti the heat in the sun’s rays passes on its long 
journey to us. Further, it is common observation that when 
material tpedia do intervene, the amount of heat received is - 
appreciably diminished — tor example, when a cloud intercepts 
the sun’s rays there is a marked drop in temperature. 

I>uring an eclipse of the sun another piece of information about 
radiation of heat may be obtained. It is most noticeable’^that the 
instant the light of the sun is cut off there is a pronounced drop 
in temperature. This suggests that the heat from the sun comes 
to us at the same speed as the light, and that it doe.s so in a straight- 
line path. On a small scale, we have ample evidence of the fact 
that heat travelling in the form of radiation does so in -straight 
lines if we consider the radiation from an open fire. The''moment 
a solid object is placed betwC’en the fire and ourselves all radiation 
is cutoff, and we recognize in the question, ” Can you see the fire?" 
that tins is so, and also that the radiation from it follows the same 
laws as light in this respect. 

A simple exyieriment which many of ns have performed shows 
that the heat which is radiated obeys other laws which are fol- 
lowed by light. A lens is used to " focus the sun ’’ on to a piece of 
dry tissue paper or dry leaves ; after a little time the dry obiect 
commences to smoulder and finally takes fire. This shows that 
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the Ui'bt and the heat uru equally bent by iho Jens, or, as is said, 
tlie yefyantion of the two is Die same. Ind dent ally, matiy fire.s 
have been accidentally started by the sun's rays passln;; thro\i‘i;li 
a tumbler of water or pieces of broken botlle, ai,id produciiis' 
the same effect as the “ btirninf} xlass " just referred to in the 
e.'rainplo quoted. There is no doubt, therefore, that the radi- 
ation obeys almost all the laws which arc applicalile to li"ht.. 

Loss of Heat by Radiation. An important l on.sificration in the 
loss of heat by radiation is the nature of Die surface of the hot 
liody. If the surface is hlack and matt in char.'icter the lot,;; of 
hmt’liy radiation in a given tinic i.-i great ciunpaied witli the hiFifi 
from a similar body with a bnc.btly jioli-died siufaoc. If we take 
two c(.i[)per iialls of the same sir'- and at Die same teinperaUirn 
and polisli one biiglitly and deposit soot on the 
other and tlien hang them in bout ofaliretiya 
ttiiii thread, it will be found tliat the black one 
absorbs most beat and is, tlierefoie, hotter after a 
given time. Tt is a general law that good 
absorbers are good radiators, and good reflectors 
are bad radiators and bail absorbers, as they reflect 
the radiation instead of absorbing it. 

We can now aummarizo the three proce.sses by 
considering the example of the thermos flask, 
which drew our attention to this subject. A 
section of a thernio.s flask is shown in the dia- 
gram. It consists of a double-walled vessel of 
Ihiu glass, which is a bad conductor of heat. 

The air between the watts (A) is pmiiped out 
and the tube is scaled from the pump at B. The 
" vacuum " has no aiipreciable gas left in it, and 
so convection is stojiped. The inner faces of the 
walla on’ the flask are silvered, and so, if the 
liquid (P) i.s hot, it is in a bad radialBr. Any heat 
which is radiated i.s reflected back by the outer 
wails, and sfi radiatwn is practically eliminated. 

It is most imjiortant to have a cork (C) to stop 
convection aliovc tlie liipiid, and, finally, the minute amount ot 
heat conducted along Die gkiss walls is the only other lo;i.s. This 
flask, tlimdore, embodic.s all the necessary steps to eliminate 
hejt tnmsfeieuce, so that, whether (D) is hot or cold, it remains 
so for very considerable periods. 
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LESSON 13 

Some Properties of Wave Motion 


I N the preceding Lesson it was stated that the heat 
from the sun reaches us “ in the form of waves.” These 
waves rvere said to be like light waves, and to follow the 
same laws Jn physics we often meet with examples of energy 
being transmitted in a wave lorin. and it seems desirable at the 
outset to have a clear idea of vvh;it is implied in the term ” wave 
motion " — how it travels, and the like 

The first relerence to waves, no doubt, brings to our mind a 
picture of waves on the sea, where we have a very direct visual 
evidence of the up and dotvn movement of the water and the 
bodily movement oi the form which we call a wave One thing 
which this example shows clearly is that, in the wave motion, any 
part of the water through which the wave travels is not moving 
with the wave For example, if we watch a boat on the sea, it 
moves up ^nd down as the wave passes it, but it does not move 
bodily with the wave In out early days we were a long time 
in learning this lesson We all have recollections of sailing toy 
boats, and our attempts to bring them to shore by throwing 
stones All that results is this . the stone produces waves, and 
the toy boat rides up and down on the watei surlace without 
making any attempt to move to the shore with the wave motion. 
Must o4 Us, on occasions, have repeated the attempt to reclaim 
our becalmed era it by this impossible method 

Let us examine the simplest form of wave of the type referred 
to. and see it we can find out how it is produced and propagated. 
We wdl think of a case simpler than water waves for example, 
waves on a sti etched cord or stnng. li we tap a stretched string 
(e.g <1 long clothes-line) the tapping produces a depression in tlie 
string which travels as a wave along the length of the string 
until It reaches the other end, where it is reflected back again. 
The tapped part of the string comes back to the original positioD 
in tune , t.e. the .string, like the water waves moves up and down, 
The depressed part does not go along the length of the stryig, 
although the wave motion does so. If, instead ol tapping th« 
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cord, we move one end up and down, the wave continues to travel 
along the length of the string. We have, no doubt, performed this 
exiierhnent with a skipping rope, "making snake.s ” v/ith^tiie 
rope When one end of the rope move-s up and down, this 
causes the ne.^t piece of the rope to move in a similar manner, 
and tile movement, if maintained at tlie first end. continues 
along the length of the rope. The beginning of the wave, there- 
fore, i.s the up and down movement of the " medium " in whfch 
the wave is transiniUed. 

The lifst known uvovenientof this type is called sttnpk- Itaymmii'. 
mmwH. The hob of a pendulum i.s a good e.'camplo of thts. The 
physicist's smi()U'st illustration of the firuduction of siinpli; 
haimnriic motion (S H.M.j seerns rather iirbitrary, Imt i.s, iicvcr- 
thclfs.s, worfh consideiiug, as it doc.s give useful help in considering 
waves 


Simple Harmonic Motion. If we consider a point, 1 ’, to uvove 
rovind a circk; with a constant speed isee Fig. 2), it will go from 
A to D, D to B, R to C and C to A in equal times. Now let us 
imagine that from P, at every point it occupies, a perpendicular 
PN la drawn on to the 
diameter AB. Then it ^ 


is clear that as P 
moves round the circle, 
the foot of the per- 
pendicular, N, moves 
up am? down the dia- 
gonal, If we start 
witli P at A and let 
it go round the circle 
once. N will start at A 
and go down to B, 
and, ir? fact, will be at 
point B when P is 
tlicre , and as P goes 
along BC, N will move 
along BO and finally 



W^^VE MOTlOf^ Fig. 1 , Simplest form of wiiva 
lrans^H^}l0Vi Figs 2 ami 3 . iliustrAtut; 

what IS lennctt siiiHile Uannonic mtifciuri ; an eispUn- 
alion ot the !elt«nm» is in the text. 


come back to A when P reaches tliH point, N will complete 


01111 " there anil back " movenieiit whil.st P makes one com- 


plete ciri'iiit. The time for this will be fixed, ot course, if wc 
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back ” movement of N, N is said to oscillate with simple 
harmonic motion. 


Tilhis simple harmonic motion has an extrerrte amplitude 0.\ 
or OB = a, say. The time taken for the point N to go from the 
position of rest O to A is T/4 : after a second T/4 the point N 
is back again at O : then, in a further T/4, it is at the other 
exjreme at B, and so on, If we consider the example of S.H.M. 
as provided in the simple pendulum, we see in Fig. 3 that OA = 
OB is the amplitude, and the time taken whilst tile bob goes 
from O to A, back through O to B. and finally to O again, i.s the 


periodic time T, which, incidentally, is equal to 2ir y'i</g ; 
the point to be noticed is that the bob passes through O twice, 
once in each direction, and wo agree to call T the time taken 
from one transit to tlie next in the kame direclion. 

Let us consider the motion in a little more detail. If we start 
with the position, o Lor P the foot of the perpendicular N is at O, 
ill Fig. 4. The circuralerence is divided into 12 equal parts ; 
therefore the time taken for P to go from one of these points to 
the next is T/r2. When P is at i, N is at A : when P is at 2. 
N is at B, and so on. It is clear that when P is at 3, N is at C 
{the same point), and is for the moment at rest whilst the direction 
of movemerrt changes. At O, on the other hand, the velocity of 
N is greatest. 

Now let us consider a row of particles, S, T, U, V, W, X, etc., 
all oscillating with simple harmonic motion of the same an^plituda 
a and periodic time T. In fact, let the left-hand part’ of the 
diagram (Fig, 4) be the key to give the positions o£ all the particles. 
If all start at rest and move upwards, they will ail bodily advance 
to the first, then second, and then third dotted line position, 
and so on. If, on the other hand, they do not start together, 
but if we arrange that the particles each have a start of T/12 over 
their right-hand neighbour, we obtain the result we are requiring. 

For example, S moves to position i, and so gets T/12 start: 
when S moves to position 2, T moves to position i : when S 


moves to position 3 (i.e. 3—^ 


4) 


T moves to position 2 and U 


moves to position i ; S now moves back to position 2, T moves to 
position 3, U moves to position 2 and V moves to position i. 
Finally, when S gets back to its original position at S, the other 
particles are in the positions shown in the wave line of the diagram. 
Draw a row of 12 equally spaced dots instead of S.T., etc., 
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and carry on with this, moving each in disfeinccs as given l>y the 
key rliaRi'am, and you will find that the result is a wave which 
moves frorn left to right, altlioiigh you only make each parade 
move u]) and down with S.hf.M.. differing in starting time by 
T/i 2 We say (hat there is a difference of phase hehveen the 
motion of tlie particle S, T, U. V, etc,, of an amount corresponding 
to T/I2. The phase flifference is usually represented by the an^lc 
which the tracing point has gone in thn time, i.e. 360 (angle 
gone in time T) -p i-2 == Yi"” phase ditferenue 

The irnp<ji tanl part of all this is that we have very conclusive 
eviilenre here that a wave motion i.s produced by a row of 


C3 




WAVE MOTION. Fig. 4. DstJueJ diaxMm simple iurnitjiiic motion. 

Figs. 6 'And G Diagram showiiii? pryductioii of jnterferttnee nf wavus. 

particlts vibrating with S.U.M., when eqiia! phase differences 
exi.st between adjacent particles.* In the case taken in the 
illustTutioii, the [larticles aie vibrating in one direction and the 
wave is transmitted in a directiou at right angles This kind of 
wave i.s called a hansverse tvavs. There are many e.xamples 
of this type in arlditiiai t<i the obvious ones we have considered, 
namely ttie waves on a stretched ■striii.g, water wnves, etc. There 
are the less obvious easts of light waves, wireless waves, rartiatit 
h|;dt vvave.s, etc 

If the particle.s S, T, U, V, etc, were made to vibrate in a ditec- 
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tion parallel to SX. i e at nght inglts to the directiou taktn in 
Fig 4, waves of a diflerent cliaiaitei called longitudinal wanes, 
wo^jld be pi oduced The best e'lample of this tj po of wave ig 

the ordinary sound wave, and we will letiim tothis pioblem later 
Transverse \,\aves aio easier to visuahre and easier to illustrate 
by diagram, so wo will continue in oui investigation of \tave 
properties with this type 

’’interference of Waves. We will return to the illustratidn of 
the long skipping rope fastened at one end and shaken at the 
other For one sharp jerk we saw that the pulse oi wave st‘t up 
may be sent back or reflected from the fixed end If we raakejihe 
tension on the rope fairly large (i e pull on the rope) and con- 
tinue to move the end up and down with sufficient speed we find 
that the waves which we are sending along it and the weaves 
which come back commence to act on each other, and in time, 
with suitable oscillation of the free end the rope seems to take up 
a stationary form of one, two oi more loops and there is no Ipnger 
a wave progressing along the rope This is called a staMnmy 
wave It IS brought about by the interaction of the two wave 
trains — the incident and the reflected This interaction is of 
course to be expected For, suppose that the two sets of v^aves 
are so arranged that the crest and troughs of each fit together, 
•siie eSecY tiVi bie a. btJu'DVfe ■a.mpWcmit! kVie tretiV tA one 
with the trough of the other, the two waves just neutralize and 
there is no motion at all 

This is indicated in Fig 5, which shows (a) two waves fitting 
crest to ciest and trough to trough, and R shows the resvilbmt 
with double amplitude Fig 5 (b) shows waves 1 and 2 "oth 
crest to trough, and R is the resultant This shows that >1 two 
waves are sent 111 the same direction with equal amplitude, but 
with 180“ phase difference, (b), the result is just as if no waves 
were present • 

If the waves go in opposite directions, they are first as ih Fig 
5 (a), then as m (b), then as m (c), then (b) and then (a), etc, 
i.e., they form stationary waves which are illustrated in Fig 6 

Another wav m which waves can leact and pioduce what 
13 called interference is illustrated if we take a flat dish add fill 
it with water. Two identical tuning forks have each a small 
bristle attached, so that when the forks vibrate the bristles set 
np little waves on the water suifacc If one fork only vibrates 
there is set up a series of concentiic water waves When the 
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other fork vibrates the wav'cs. it sets up interference vvitii the 
set, and lines rnarkinK positions of no movement of tlio water 
can he seen. In fact, if at any place one wave causes a Cij.'st 
and the other a trough, there is no net mo^■cuu:nt^ pro\,’i(lc(l tha 
aTiiplitudes are tlie same. 

When a wave approaches an obstacle it may beliave in one of 
two ways ; either it will he stopped or reflected, or, alLernali\ e^’'. 
if the obstaolo is a small ono, tl )0 wave can bend I'onnd it. Thi.9 
is well Uln.strated in sea waves. If a sea i.s rimnint; towards a 
long hrealiwater, we, notice that iniar the end of the tn'ealiwatfjr 
waU there is a .sliglit movement, but vvitiiin tlie " sliadow ” 
of the wall Iherc is no jn^preciahlo inov’cinwit. On llie other iiaiid, 
if we watch a little farther from the shore, the same sea appioacliing 
a largo rock, there is no appreciable shadow ; the waves, in fact, 
appear to bend round the obvstaole. 

All these properties of waves which have been dealt with in 
this Lesson will, of conrse, be expected in any wave motion. 
If light, " waveles.s " waves, etc., are erne waves, they must 
exhibit these properties , and it will be seen in the last Lesson 
on light that, if we have the right conditions, we do, indeed, 
obtain analogous results with light. 

LESSON U 

Light and the Laws of Reflection 

B efore we proceed to discuss the physical nature of light, 
on the lines indicated in the preceding Lesson, we Should 
consider certain simple properties of light. We shall ba 
able to put into the form of laws, or rules of play, many facts 
which all appreciate iu a general way already. Forgetting for 
the moment that we are later going to show that light travels 
a.s waves, the first thing which wetiotice is that light travels in 
a straight line path. If wi; have a very small bright light source, 
and we put an object between this and a white screen in a room 
where no other li,ght can enter, wc know very well that a shadow 
will be formed on the .screen which has a sliaiie identical with 
tiiat of the object casting tlie shadow. This is consistent with a 
straight line path for the light, or with " rectilinear propagation ” 
oj light, a.s it is called. We have met thi.s simple experiment iu 
the amu.siiig animal shadows cast by the liands. 
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If we nse a lar^e source oi hjihr we rto itot ifot this siiarp outline • 
tbore apfioars to be a tloiible edi-e to the shadow, which has a. 
b!ac[j centre of the shape o! tl>e object, aikI this Is edj>efl with a. 
half shadow, of tfw sanip outline This is a(»ewn consistent with 
ifcctilineai proiiAiiatina oJ hplit In Ki^ i let 'VH be a large 
source of light illiinMndling a screen and let the nluect he a ball. 

travels rn straight 'mes Irom eveiy point m the source, 
then It IS dear that from A. the light will go to tlie screen and 
the rays AP and AQ will jiim slum the obipct. On the screea 
Wfi have no hgfit firtwecn P and Q from A, and PQ would he Ihs 
diameter of the black shadow rf A was the oniv ilh5niination» 



Going to the other extreme of the source, ft is equally clear 
that SK is the shadow cast by the sphere with regard to the light 
Jratti B. The region PK is in the shadow from both ends dnd also 
for ail the points in the source All points on the screen above S 
receive light from alt the sources , fi-om S to P the sctcen is 
Illuminated by a less and less fraction, ol AB, and tinally at P 
it diy--' not receive an\ light at all. The same nappens in the 
tinder half of the .sfiadnw. We, thetefoi-e. obtain a c»t< niat black 
sliadow fumhra) (FK) at the centre of a circular partially tilack 
Hiiiidoiv {jieniimbra). On a large scale, if AB is the sun, anif 
the obicct casting tlie shadow ik the moon, the resulting eclipw 
of the sun as seen ttom the earth is totdl if the earth happens 
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to be within the roffion PR, or partial if in the region SP or RQ. 
From our present point of view the experiments referred to are 
only used to show that the light does travel in a straight line, 
i.e., the results obtained agree with the above explanation’in 
terms of straight lines. ’ 

Of the many simple cxpienmc.nts which may be quoted to 
add support to this is that of the simple pin-hole camera (Fig. 2). 
A pin-hole O is made in the centre of a light-tight box, aiM 
the other end has a ground glass end AB. When tlie box is 
pointed at a brightly illuminated object, represented in the 
diai^'rarn by the arrow XY, an invcited ima.ge of the object is 
produced on the glass screen. The sitaight lines show the path of 
the light rays which jiroduce the image. If a photographic 
plate is placed in a box, in.stead of the ground glass slioct, an 
excellent photograph is produced, provided tliat a long enough 
expo.sure is given. The time lalten depends on the size of the 
hole. Sonietliing of the order of two houns' exposure w usually 
required, so that the pin-hole camera is only suitable tor stalionary 
scenes. But a.s indicated, it works because the liglit travels in 
straight lines from the object through the hole to the plate, 

Wfien light falls on a mirror it is rejected, and the dii'ection 
before and after reflection are simply related. The straight lines 
which have been used in the diagram are called ray% We call 
a bundle of raj-s together a beam of light. For the simple treat- 
ment we will consider rays only. 

If a ray of light falls on a mirror it is reflected from the miiTor 
in a direction which depends on the angle at wliich the incoming 
tight strikes the mirror. We call the incoming ray tlie incident 
ray, and the outgoing ray the reflected ray. We imagine a line 
drawn at right angles to tlie mirror at the point of incidence ; 
this line we call the normal at the poin t of incidence, The angle 
between the incident ray and the normal is called the angle 
of incidence ; the angle between the normal and the reflected 
ray is called the angle of reflection. 

Laws of Reflection. Experience shows the truth of the Laws 
of Reflection, which are (i) the incident ray, the normal at the 
point of incidence, and the reflected ray arc all in one plane ; 
(2) the an.gle of incideiiee is eipial to the angle of reflection. We 
all realiye the truth of these lavws, which arc actually a statement 
of, the results of many experiinenl.s. They really embody what 
we regard as cominon exjierience. For example, if you ar’e in a 
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train at night-time, when the windows act as minors, and you 
are at position K, in Fig. 4, which represents the plan of yont 
carriage, and at X i here is someone you think you know, but 
thdre is an uncertainty which precludes direct otiservatioa, 
the obvious thing to do is I0 apply the Laws of Reflection, If 
you look out of the window so tlia+ the normal at the point ol 
incidence is in a plane containing A and X, and the direction 
at'which you appear to be examining the outei darkness is shown 
by the arrow, you are actuallv choosing a direction such that 
the dotted line and your direction are ecinallv inclined to the 



Figs. 3—8. Illustrating the Laws ot Rcilection, 


window, and, ot course, you see the person at X apparently 
outside the window. 

In all cases of reflection in plane mirrors the object we«look at 
is reproduced as an image in the mirror. This image does not 
exist, but the eye takes in a beam of light that appears to diverge 
from an image, as far behind the mirror as the ob]ect is in front 
of it. This type of image is called a virtual image, and in a plane 
mirror it is the same size as the object. When we have a large 
object it produces a virtual image in a plane mirror (Fig. 6). 

IE we use curved mirrors we get other re.sults. For example, 
Sf we take mirrors which are parts of spheres and .silver them, 
we can produce either concave mirrors (the inside of the spherickl 
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surface refleciq), eg '^having miirors or convex mirrors (the 
outside silvered and reflecting) g g motor cai rtflcctor minora 
In Lliese cases the iwige is not always virtual and is nol.^a 
general as far behind the mirror as the object is in fiont 

Ihe way in which 
we find the position 
of the image pijj- 
diiced in either type 
of spheiical minor is 
to apply the Lans 
of R< flei Uoti to tlie 
rays u Inch leave the 
ohjcrt For ex- 
ample in Fig 7 the 
ctntii of the sphere 
of winch the mirror 
is a part is at C 
and IS called the 
centie of curvature 


When a parallel 
set of rays falls 
on the mirror — 
say. from the sun 
— the normal to 
the mirror is the 
radius, 1 e the line 
joining the point 
of incidence to C, 
and the ray is re- 
flected ai an equal 
angle on the other 
side It is found 
that fur sm ill 
min nrs the re- 
flet ted r.ivs all 
[lass through F, 
whiih is called tin 





Fisa? H niiislrations of the L iws of Kelketion 

ptUK ipil toms ami is neaily half-way from C to the muror 
the same way if we reverse the rajs we can see that all the 
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rays passing thiough F, on their way to the mirror, aftei 
reflection go out parallel to each other and to the principal axis 
For example, if C is the centre of curvature and F the pnncipa 
focus, an object placed at O, as in Fig 8, will produce at I ai 
image which is inverted and smallei than the image Th 
position of I is obtained by drawing a ray, parallel to the pnncipa 
axis, to A , after reflection it goes through F A second ray 
in'cident through F, after reflection goes out parallel to the 
principal axis and intersects the first ray at I, causing the bright- 
ness which IS associated with the image If we weie to place a 
screen at I an image would be foimed different fiom the vir^tual 
images formed by plane mirrors This is called a teat image 
It IS also clear that li an object were placed at 1, its imago 
would be at O it would be inverted and real 1 his is exactly 
what happens in the optical illusion called the “ phantom 
bouquet " A vase is placed at O, and a bunch of floweis is placed 
upside down at 1 and is illuminated on the minor side Every- 
thing except the vase is hidden in a black screen When viewed 
m any direction, except that of the principal axis of the mirror, 
the vase appeals empty, but when viewed along the axis, the 
real image of the flowers is exactly on the top of the vase and gives 
the illusion^ of a vase lull of flowers, which disappear when the 
eye moves-lrom the hue of the axis 
If the object is placed nearer to this type of mirror than the 
principal focus the image produced is no longer upside down or 
real. It becomes virtual, and of a sire greater than thb object 
which depends on the distance fiom the mirror to the object. 

In Fig. 9 an object is placed at O the two rays are drawn 
and, obviously, appear to diverge from I, which is, therefore, the 
virtual image of O It is noticed that the image is bigger than the 
object The concave mirror used as a shaving mirror acts in this 
manner, and the enlarged image produced is supposed to ensure 
a bettei view of the chin and so help to obtain a better result 
The convex mnror always produces virtual images of smaller 
than the object and, therefore, allows a much larger field 
of view to be appreciated at once This explains their use as 
reflecting mirrors in motor-cars When light falls on this type 
of mirror parallel to the principal axis it reflects away and appeals 
to come from the principal focus (eg. in Fig lo OA incident 
reflects to AD) Here, again, u ray dueoted to F reflects array 
parallel to the axis. (OB, directed on F, reflects along BE.) 

( 538 ) 



PHYSICS 14—15 


3 


Both rays appear to Come fiotn I, which i*? the rliminislipd virtual 
iir«f( 5 se of i>. The f.irthir awa\ the object r& tiom the niirroi LI19 
iicarer to P is,, the So m a cat reflcclot minnr ji, secrifid 

Cdi apprtMclutiK (row, beJiEnd ^^rartualli^ (<ets liif^frcr in size as ifs 
mi.ifjc moves trorn iicaf F to tlu nniioi' iiiselt 

tu minors of both lontis «e are able to calculate tiie pKisition 
f,f the imaye li we kiiou where tbe r>hyect n d-mrl A^> the foc^l 
Icnpth ol till minor (i u rht clisUnct from b to the ttiirEor)' 
\\.c have not space to clmi oss thw tn detari bat we may take it 
th.it if thi xmdut, (Int.uicc is v, and the abject fiKt.imc© ti, and the 
foil'll Iviifitli f, then 



firovifletl that vve calf disfriiiovs on the obicct side of the mirror 
positive and those on the olbei side ncgiitive 
Thus sappobf wc haw a concave nmror of locat length 
ig cm and an object is jo cm away, the image is produced a 
distance v away such ttiat 

I _ t I I _ I 1^8—3 T 

ig 40 V V 15 40 120 1 20 

120 

or v = — =24 cm. (1 e on the same side as tlie jibiect and 

5 c 

therefore, real) 

For the same mirror an object 10 cm away has an image v' 
away, v 4 iich is given as before 

i_i^i i_i 1 2 — 3_— I 

tg TO v' v' tg 10 30 30 

or v' == — 30 , this means 30 cm on the other side, and, therefore, 
the image is virtual. 

LESSON 15 

Concise Survey of Refraction 

I M the previous Lesson vte studied the rctlecuon o£ light at 
proji.ired mnruis which enve good retlechon bpc’ausv of tin* 
opavjuo silvern, g which bacl.s them As wv know from 
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l;\yi(U!cn].e rt'fli’C'li'il in it, and at the same time we see objects 
the watei sarfaee In the same way, if v/e were to swim 
iiifdei Hie water with our eyes open, we should still be able to see 
the landscape which the water surface reflects. In other words 
the surface reflects part of Ihe light and transmits the rest, 
the rays of light which penetrate the water do .so, in a 
c^rection different from that of incidence, and we say the light is 
irfracted. 

When an object which is under water is viewed from outside, 
tire refraction of the rays results in making the water depth 
irppear less, and a submerged object appears nearer the suKface 
than it really is The student perhaps has met tins case in early 
fishing expeditions, when the fish was invariably nol in the 

place it appeared to 
occupy. The same 
effect is very nohee- 
able in the bath. 
One’s toes always 
appear to be near the 
surface, however pro- 
digal one has been 
with the water supply, 
By simple experi- 
ments the path of the 
rays from one medium 
to another '^can be 
traced out and the 
results agree with the 
following laws of 

REFRAOTIVE INDEX. Fie I. When liKhi passes refraction ' (ii The 
from air to a more dense medium such as water or , . r. 

glass, the refracted ray bends towards normal, incident ray, tlie 
makms r less than i 

of incidence, and the redacted ray are all in the same 
plane ; (ii) there is always a constant relation between the sine 
of the angle of incidence and the sine of the angle of refraction 

for a given pair of media. The ratio = constant, which is 

.sm r 

called the refractive index (^) for the pair of media. 

Hqtk. — T he sine of an angle is a convenient way of expressing 
the angle itself. For example, sin i (Fig. i) perpendicular 
AN -r hypotenuse OA ; 
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sine r {-written sin r) =■ BM -f OB p. =» 

AN BM AN 

Tlie refractive index is alway greater ttian unity -when light 
goes from air to a mure dense medium like water or glass, i.e, 
the ray from air always bends towards the normal, maldng 
r less than i, as in lug. i. If we reverse the path of the rays tlia 
refractive index is less than unity. 

Now we might see 
■why the object under 
wat«r alway.s ajipears 
nearer to the surface 
wlicn viewed from air. 
hot A (big. 2) be Such 
an object. The ray 
AN, Irom A at right 
angles to the surface, 
suffers no bending ; 
any other ray is re- 
fracted as shorvii in 
the figure. The tsvo 
rays drawn, AB and 
AD, are refracted 
along BC and DE re- 
spectively, and an eye 
placed tS receive ttiem 
is tricked into believ- 
ing that the rays have y' y/j /)//• 

come all along in tlie 
directions BC and 
DE — i.e. from I, 

whipVi the onint EFFECTS OF HEFRACTIOH. Fig 2. An objsct 

■ b 1- under water seem.'; to be nearer the surface than li 

where tiiese rays really is. Fig. 3A Displacement of an object seen U 
..... a mirror. 

meet if produced 

hack. I is the image, and the object A appears to the eye to ba 
at I, which is nearer the surface than A. 

If we have a slab of glass with parallel faces, the refraction 
resiulte in a ray of light being displaced, but the direction is still 
parallel to its original direction, For e.’Cample, if a ray AB 
strikes the face of such a parallel-faced glass slab (Fig. 3) it 18 
bent towards the normal in the as along BC, and away 
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along CD in air, where CD is parallel to AB. A appears to be 
at A* 

Prisms. If tne glass is in the form of a pnarn we obtain a 
ditferent result, which leads to rather important consec^nences. 
For example.' in Fig. 4 we see the path of a ray ABCD, and notice 
that CD emerges in an entirely new direction If the light AB 
is ordinary while light another additional fact i.s apparent. 

If we look in the 
direction DC wo Qnd 
that the beam which 
emerges la made up 
of the different 
colours of the rain- 
bow In other words, 
the incident white 
light AB becomes 
split up by the prism 
into these colours. 
We will return to this 
later , the simple 
deviation of the ray 
in the prism as a 
result of refraction 


at two surfaces is our present 
interest. If the angle of the 
prism, marked x in Fig. 4, is 
big, the deviation is big , if x 
becomes small, the deviation is 
stnall, as may be seen if differ- 
ent diagrams are drawn and 
a construction is used (as'’ in 
Fig. 1) to find the path of the 
rays. 

In a lens we have the equiva- REpR/ioTlVE DEVIATION. Figs. 4 to 8, 
lent of several prisms of differ- rllustrarSnE; the deviation of IlglU rays in 
ent angles placed on top of each pnsms anj ien.ses. 

Other and the result is that rays falling on it are all beat to 
Bnch an extent that tliey intersect and “ are brought to a focus.” 

Tak* the case illustrated in Fig. 5, in which a parallel beam, 
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parallel to the principal axis, is incident on a eam/ex lens. The 
ray along the principal axis, virtually, is striking a parallel- 
faced slab, and so goes through without deviation. Kays f,r 
each hit the lens at the same distance from the principal axis, 
and the part of the lens on which they fall may bo 
regarded as prisma having an angle sufficient to make the rays 
pass through F Rays 2.2 fall on the lens where the etpiiviilent 
prism has a larger angle, and produces so much extra deviation 
that the rays also pa.s.s through F after refraction, F is a ten! 
image, and the diagram illuslrate.s what liapfien.s when a beam 
falls on the lens, prothidiig a re.'il image of the Biin at F, 

Although prism segments as shown in Mg. .‘j would bring, this 
about, a conliiuious siu face such a.s that of a cyliiidriral Icri-s is 
better ; but in order tu make llu; image syimuetrical it is more 
often arranged that the lenses arc spherical. The point F is 
called the principal focus and Of’’, written f. is the focal length. 

Since the central part of the lens is really bounded by parallel 
surfaces, a ray of light which is directed to O passes through 
without deviation ; it has a slight lateral movement (see Fig. 3), 
vy'hich is small if the lens is thin. Another form of lens is called 
the concave lens, and the action of this type of lens on a parallel 
beam is seen in Fig, 6. The rays only appear to coir^e from F — 
they do not actually do so — and. therefore, F is a viptual image 
of a distant object. 

Images Produced by Lenses. That lenses are used in the 
camera,’ the projection lantern, the telescope and the microscope 
is well known, and it seems desirable to consider how simple 
lenses produce images, what arrangement of lenses is used in tho 
instruments mentioned, and how this arrangement of len.ses 
produces a final image. 

Considering, first, the .simple lens, v/e find that we may obtain 
graphically tho position of images produced, if we consider rays 
of light starting at one point on thl object and find where they 
Intynsect after passing through the lens. If the rays do not 
intersect to produce a real image, they will appear to come from a 
point which is the virtual image ot the object. 

Three* rays are sufficient, in general, to do this construction, 
as is shown in the cane ilUislmted in Fig. 7 : (11) a ray from B 
parallel to the princifial axis, after refraction goes through the 
fqpal point, F ; (b) a ray thnuigh F‘ after refraction goes out 
parallel to tho principal axis, and (c) a ray through the centra 
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goes straight tliroiigli the lens All these rays pass through S'- 
which is the real image of B, and is formed. So long as 
Aj^ is farther away from the lens than F’ there is a real imago, 
which gels bigger and farther away as AB gets nearer Fh The 
camera is m esstence simply a lens or a group of lenses (Pig 7), 
which is moved along the line AA'. so that the inverted real 
image falls on the ground glass screen or on the photographic 
pi^te at A*B' 

When we use a convex tens of the kind shown in Fig. 7, as a 
“ magnifying glass," we place the lens near the eye and then 



pnODUCTION OF IMAGtS BY CENSES Fi?. 7, illustrating a slttlple lens, 
Fig. 8, showing how an enlarged image is produced (see text). 


virtual image which is much enlarged. It is seen in 
Fig. 8 how this is produced. The rays appear to the eye to have 
come from A^ and B*, since they diverge after refraction. In 
principle, the astronomical telescope is a combination of the two 
cases, A lens of long focal length, called the object lens, is placed 
at one end of a tube which pointed at the distant object, and a 
real image is produced in the tube Then a second lens of shorter 
focal length is used to view the image. The second lens ia 
arranged as in Fig. 8, e.g. the real image is placed as AB and a 
virtual image ot this, again magnified, is produced. There are 
many variations of this combination of lenses, which the student 
will find described in elementary books on light. 

In the microscope, the small object to be viewed is v(,eU 
illuminated and the object glass, which is a lens of short focal 
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Ifngth, is placed at a distance from the object a little jjrcatcr 
tliiin the focal length. A real magnified image is produced a 
relatively long distance from the lens Tiiis real image is then 
viewed by the eye lens, which acts simply as a magmiyliig glass 
on the real image, and so produces a tinal virtual iinage, which is 
much niagiiilied 

The Siinctrometer. We will coiicUidc this very brief survey 
ol refraction by tUiscribing the speef ronieler, wliicli incoiporafes 
most of the poitlt.s uc have di.sciis.scd. 

Tlie instrument is useil to (iroduce spectra, whicli we will 
disruss 111 the next Lesson It eotisisb? of thice pari.s ; (i) a 



collimator, which is a tube having a slit O at one end, and a lens 
L* at tlie other. Since the slit is placed at the principal focus 
of the lens the light leaves as a parallel beam and tails on 

(ii) a pfisyn, which is set to bend the light towards its base. a.s 
already explained (see Fig. 5), and tl^o light travels on as a parallel 
beam if it is of one colour, as seen in Fig. 9(a), and the third part 

(iii) , tlic telescope, which is set la focus for distant vision, sees 
the image 1 of tlie slit as shown 111 Fig. H (tlie rays are left out 
in Fig. <j, for the .sake of clearness) If a flame such as is given 
by a Bunsen burner or a gas tiny hc.ats a block of kitchen salt, 
the llame giveti is bright yellow if this is used at S, a yellow 
in^age is seen in the telcMofie If white liglit is used, the red 
portion goes as a jj.iiallel beam in one direction, and all the 

f "1 i S 1 &l 



PHYSICS 15—16 


coloui's of the rainbow each take their own path. The positions 
of the extreme rays are shown in Fig. 9b. The telescope focuses 
these parallel set,s of rays as distinct images and the result is that 
one sees a spread of colour with red on the right continuously 
changing to violet at the extreme left (most deviated). The 
general impression of this band of colour, which is called a specirtm 
is .seven main colour groups ; red, orange, yellow, green, blue, 
indigo and violet. These colours are always in the same relative 
position, and in the next Lesson we will con.sider some of the 
many intensely interesting results which the study of such 
spectra yields to the experimenters in this branch of physics. , 

LESSON 16 

The Composition of Light 

L ight is transmitted as a transverse wave motion from the 
source to the receiver, as we have already stated. The 
^ fact is very wel] established as a result of many ingenious 
experiments, some of which are to be described in Lesson 17, 
where we shall see that it has been found possible to measure the 
length of th(j waves and obtain information as to the difierence 
betiveen thif colours in this respect. Even the velocity of light 
has been found by special experiment. For many reasons it 
seems fairly certain that this velocity, which has the remarkably 
high value of 300,000,000 cms. per second (i.e. 186,000' miles 
per sec. or 669,600,000 miles per hour), is the highest speed 
attainable. 

When we _speak of the velocity of light, we must really be more 
specific and refer to the colour of light or refer to the velocity 
of light in empty space. We know, of course, that light can be 
transmitted through the tremendous distance between the dis- 
tant stars and ourselves, that* is, through a region in which no 
matter exists. The fact that this wave motion could be pro- 
pagated through these empty regions led to the postulation of the 
ether. This purely hypothetical medium was, as has been said, 
inveatod “ to supply the subject of the verb to undulate.” Waves 
undulate or vibrate in something. In the cases known at the 
time of the commencement of the wave theory of light, as there 
was no material medium, an ether was postulated to give a mor.g 
comfortable feeling to the theory. Once invented, its properties 
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were declueed and a larye held of researcli eommenrert. At 
the moment we cannot tollow tins line any farthei ; onr main 
concern is the vibration in it called liKhi In empty space, light 
ot all c<;loura has the .name velocity The colom ul an extremely 
distant star is identical when viewed from tfie dse of the same 
to the going down tlieieot If one colour travelled (astei than 
another that colour would tinge the first appearance ot fhe 
star From eitpencnce, however, it is foiintf thai thn is not sA, 
When ligtd outers a material niediiiin, it is slowed down appre- 
r'lalily. In some glass, the velocity of light of all colours is lediu'ccl 
to about {( ot the velocity in liee space, and in svatei it is about 
j nt tile free space value Now, it is found tliat the diffeventcolouni 
are not reduced in speed by (.Mutlv the same amount, altlunigli 
it is of the wuiic order The violet ligiit is most uiduced, and the 
red least reduced hi speerl in all stiui.gldforwaul c.ises. 

The ratio we have called tlie refractive inde,v is found to be 
equal to the ratio of 

the velonty oj tight in free space 


,, „ „ „ „ the medium. 

Now, as all the light has the same velocity in ^ce space, it 
follows, since the retractive index of violet light is»b)ggeT than 
that ol the red, that the velocity of the violet is less in any medium 
than that ol the red in the same medium. All this has been 
confirmed by direct experiment. 

We have seen that when the light from an incandescent solid 
falls on a prism, in the way described in Lesson 15, there is a 
continuous change in colour as we pass along the spectrum 
which is pioduced. Because of the nature of the colour scheme 
this IS called a contimiuus spectrum. It simply implies that the 
source* gives out a whole range of colours, which the piism 
separates. • 

Now, the velocity (c) is equal to the product of wave length 
(\) and frequency (n), so tlial, tpr free space, we may calculate 
the frequency of each colotii il wo know ,\ and c. 

This is constant for each colour, and is a mucfi safer reference 
than an eye estiiiiute ot the actual colour it.sell When the light 
enters a mixiiinn, .since the value of n is constant, ^ changeti 
within the medium, We h.avi* also learnt that the deviation in 
t\ui prism dt pends on the colour and, therefore, we must now 
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associate the deviation with the more precise index, namely 
'frequency. 

For one prism, each frequency of light has its own deviation 
for a fixed angle of incidence. That is to say, the spectrum we 
see is a maniitstation of a range of frequencies, which, when 
acting together, give the impression of white light, 

Una Spectra. If we use as a source of light an electric arc 
which IS struck between two I'ods of iron, we find that a continuong 
spectrum is not produced unless, by accident, we view the rods 
instead of the arc In place of the continuous spectrum we have a 
sDt of lines each of definite colour. It is just as though a seleel^pn 
has been made of certain colours or frequencies which is found 
to bo ab.solutely characteristic of the particular source of light 
chosen. A.lvvays with an iron arc we have the same lines (or fre- 
quencies) separated by black spaces where no light exists. These 
lines are so definite that, if we had lots of unknown rods of metals 
and used them to produce a line spectrum, we could tell beyond 
a doubt which rods were iron by the spectrum produced, In 
this spectrum we have an infallible identification disk for the 
element. 

Each element behaves in this way, i.e., each has its own line 
groupings, ^y careful use of the spectrum apparatus, an atlas 
showing the'lines for each substance could be made, using photo- 
graphs instead of visual identification, and this atlas would be a 
complete guide in an analysis of metals. If two metals are used, 
the spectra of the two would be superimposed and both could 
he recognized. This is the basis of a method of analysis by spectral 
means. 

Band Spectra. Another characteristic form of spectrum is 
called the band spectrum. Here the lines are grouped together 
in the form of flutings or bands which are equally distinctive 
in analysis. More will be said of this when we discuss modern 
theories of atom and molecularstmcture, which can be supported 
by a study of the arrangement of the lines within the spectrum. 

Absorptloa Spectra. When wediscussed line spectra, an example 
of the line spectrum of iron was taken. This is really very com- 
plex. Perhaps the simplest common spectrum of this typo is 
that given if a piece of common salt is placed in a Bunsen flame 
or on a gas ring. The flame looks yellow, and if analysed by means 
of a good spectrometer, it i.s found to be giving out two yelloiy 
lines in the visible region. These lines are very close together. 
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Now, if white light from an incandescent source is sent into the 
.spoclrometer, but on its way is made to pass through a cooler 
flame conbiiniiig salt, it is found that the continuous spectpim 
has two vacant places which show up as black lines. These 
occur iu ju.st the place where yellow lines appeared vviien the 
' salt flame " was used as a .source. 

The spectrum is called the absorption spectrum, and the absent 
lines are just as reliable a guide to the cooler vapour contelits 
as are the emission lines of the glowing sodium chloride flame 
U.st'lt. 

One very inierc.stiug conclusion was made on tliese lines, 
Irom a study of the spectrum of the sun. If an image of the sun 
is focused on the slit of tfie spectrometer and a camera is made 
to take the place of the telescope, the photograph so formed is 
ill general appearance very like that produced by an incan- 
descent solid. Closer examination, however, shows that it is 
crossed by a large number of black line.?, called " Fraunhofer 
lines." 

They are explained by the fact that the light from the sun 
comes from the incandescent core, which is surrounded by a 
cooler gas. The light passing through the sun's atmosphere is, 
therefore, robbed of certain frequencies, which are gonsequently 
absent when the light reaches the earth. Examination of these 
black " lines " led the physicist to a knowledge of the nature 
of these gases in the sun’s atmosphere 93,000,000 miles away. 
Many Ivell-known gases were identified. Some lines were still 
left over, and so new gases were discovered — at a considerable 
distance from the experimenters who found them. Helium 
has since been identified on the earth, and is now used in com- 
paratively large quantities, but it was first found in the sun ! 

Invisible Radiations. When a continuous specti um is produced 
and thV frequency of the visible light waves is measured, it is 
found tlial the extreme visible vifllet has approximately double 
the frequency of the extreme red. Now, in sound, a note which 
has double the frequency of anottier is called the octave of that 
note. For this reason, we often refer, by analogy, to the " visible 
ocLiive " when speaking of the spectrum. A-s a matter of tact, 
these waves which alfect the retina and give ilio sen.sation ol light 
are hut a small fraction of the ladiations which are emitted by 
a, Source. If a photograjih is taken ol the spectrum of, say, an 
iron arc or an ordinary carbon arc, it is found that lines are 

( .“Hd ) 



PHYSICS 16 


produced well beyond the limit seen at the violet end oi' the visible 
region. These lines are said to be produced by the uUm-violet 
liglV;. The ultra-violet light, whilst not affecting the retina, is 
very active in producing a photographic image. It has also the 
property of att&ting the sldn and producing the sun tan which we 
associate with the summer sun In winter, when the rays of the 
sun have to penetrate the longer air path in their oblique track 
to the earth, the ultra-violet light is largely cut off and, con- 
sequently, does not produce the same effect as in summer. From 
this it will be gathered that ultra-violet light is very easily 
absorbed. Ordinary window glass cuts off most of it, and, it 
requires such substances as quartz or some of the well-loiown 
special glasses to allow a free passage for these rays. The 
ordinary sun spectacles cut out the ultra-violet rays, and it 
becomes clear from the circular patches of non-sunburnt sldu 
round the eyes that the sun tan is produced by the short wave 
length, or higher frequency radiation. Many sources of light are 
rich in ultra-violet light, e.g. Iron and tung.sten arcs, glowing 
mercury lamps and the like, but in the latter case the mercury 
must be contained in a quartz container to allow the light to 
get out. In the same way we must use quartz prisms and 
lenses for <;)ur spectrometer in order to deviate and measure 
ultra- violet '’light. 

Beyond the red an invisible long wave length radiation is 
given out. This is called infra-red radiation. This is very 
markedly strong in the beating effect it produces, arid it is 
detected by sensitive heat recorders Like ultra-violet hght it 
has medicaJ uses, but, unlike the former, it can penetrate in its 
effects to a greater depth. 

It will now be understood that the visible octave is only 'a 
small fraction of the energy sent out by a glowing solid. The 
" light” extends to many octaves and affects different ’senses. 
We shall see later that the '"wave motions here discussed are 
themselves only part oi a very large family of similar radiations, 
which e.xtend in wave length from several miles in length {wire- 
leas waves) down to one thousand nriUiontU part of a centimetre 
(in radiation from radioactive bodies), and in all probability to 
a much more minute length in the recently discovered ” cosmic 
rays" or penetrating radiation. 

Our Course in Physics is continued in Volume 5* 
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LESSON 10 

Ice and Snow as Nature’s Sculptors 

A m/'P of the eartfi’s ire coveriiif; (past and present), unless 
on a fairly large scale, could not show the distinclSou 
between the several Tee A,t;<!S of whicTi we ha\'e evidence 
in various parts of the world ; it would probably display merely 
the e.'itroiiie limits to which at any time the tAvo great prcseiU- 
dav ii'c-ca]« (Arctic arid Antarctic) extcndcfl respect i\'cly south 
and north towards the eipialor, and the extent to which ’some 
ire-llclds in other [larts of the world exccederl their present 
dimensions. The general climatic cliaiige.s which caiiseil tliese 
succes.sivo advances and retreats of ttie icc covenn.g were so 
wide, spread that not only the Alps, the Caucasus and the mountains 
of Central Asia, but even Mts. TtuwenTOn, Kenya and Kilima- 
Njai'o in equatorial Africa, as well as the southern Andes, all 
pushed their glaciers down to levels which totiay tliey are unable 
to reach. In South Africa and south-eastern Australia, too, 
we find evidence of former glaciation. 

Prehistoric Glaciation. Evidence of this appear! in several 
forms. For instance, rocks hav'e been scratched or polished by 
the passing over them of iong-vanished glaciers ; small fragments 
of rock-j as in tlie so-called boulder clay, have been transported 
by glaciers, deposited when these retreated, and finally covered 
up bv later sedimentary deposits ; larger fragments, when 
transported in this way and left stranded, are called erratic 
blocks (Fig. 2). 

Pot-holes are formed by fragments of rock under a glacier to 
which ihn glacier, by its movement, imparts n rotary motion. 
This not only rounds and polishci the fragment itself, but also 
hollnw.i out a circular hole in the vailey-floor. 

Ice-fields and Glaciers. Tlic great ice-fields of today are 
fireenUuid (825,000 square miles) and the Antarctic continent 
(5,000,000 square miles), About 85 per cent of Greenland's area 
is covered by an ice-ca[i of unknown thickne.ss, formed by pro.ssure 
of the overlying snow tuniiiig the lower layers into ice. Tliis 
pressure has the further eliect of setting uj) in the whole ma.s 3 a 
downward and outward luovoment which manifests itself in 
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enormous glaciers, such as tiic 6o-miles-wide Humboldt Glacier, 
The largest European ice-field is the Jostedalsbrae, in Norway, 
from which several glaciers descend to within 200 feet of sea-level— 
a lower level than is reached by any glacier not actually within 
one or other of 'the Polar circles. 

The ndv6 (snow-field) feeds the glacier, and is drained by it, just 
as a lake or swamp is drained by a river. When a glacier has 



Lo-h-e formed after retreixt of gLa.cLer, 
bGirig djarnttredL by 



glacial ACTION. Fig.1. Sccliorjal dmwniR showlnij a portion of the 
earth's stiiTfice covered by a glacier in the Ice Age. Fig. 2 (below). The 
samr portion today, alter the glacier has long since disappeared. 


to descend more steeply over a ledge of rock, the ice is broken uj 
hy crevasses and forms an ice-fall or a sdrac (a pointed mass 01 
pinnacle of ice). As it moves down the valley, a glacier will 
collect on its surface debris that falls from the steep slopes on 
either side. These fragments form the moraines, called lateral 
or medial according as they are at the sides or in the middle of 
the glacier. F-orther d6bris is transported by the friction of the 
glacier along the valley-bottom, the whole being deposited at 
the foot of the glacier as an end-moraine from which issues the 
glacier stream formed by the meltuig of the glacier ice. 

The rate of movement of glaciers varies considerably. In the 
Alps it averages from 50 to 200 feet a year. Movement is quickest 
at the surface and in the middle, being retarded by friction at the 
sides and along the bottom. 

Origin of Icebergs. There are two ways in which Arctic 
icebergs are formed. A glacier, on reaching the sea, pushes on 
trader water till the end of the glacier, buoyed up by the water, 
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bi'i'aks off and rises to ttie surface as an iceber;;. Glaciers reaching 
a precipitous coast pusfi tlicir ends oter the edge till they break 
olf and fall into the sea As might be expecteil from the lather 
\ ifilent maiiiiei ol their forriiation the iceheigs of the northern 
Afiantio, most of which come bora Greenland, arexilten fantastic 
in sliapc This is not so marked a feature m tliose ol the southern 
(l.•('(ln, hecanso there the icebergs originate differently. Having 
a nimli .smaller .-uiowtall tliaii flic Arctic, tlie Antarctic contmiltat 
luisi fewci glcicier;,. But theGieat Ice Bariier, by wind) Captain 
Cook (1773) iind Sir James Ross {iK.(r) found their way south 
dfcdiially halted, i.s a fonnatiun peculiar to tin: Antarctic It la 
tlie tireaking up of this haiiiei, or .shell-ice as it is called, which 
onginalch the southern icebergs, most of whicli arc not bo’tugli 
aa thoiic of tile nortli, Ihoiigli often greatly exceeding them in 
siuftice area, 

Drilt-loe. Thi.s term includes not only icebergs, but also the 
flrres into wliich the Arctic pack-ice and the Antarctic sbell-ice 
break up on the approach of summer. Its distribution is strongly 
influenced by the prevailing ocean currents. The effect of the 
Gulf Stream in preventing the dnft-ice from readiiiig the Britisli 
Isles is very marked, while the cold Baffin Bay cunrenf often 
carries it as far soutli along the .Atlantic coast of North America 
as Cape Hatteras, in the latitude of Gibra'lar, In l 3 )e southern 
ocean the prevailing westerly winds prevent the drift-ice from 
travelling any gmat distance north. 

Owing to the continual play of the currents the Arctic Ocean 
(ccicept in tlie extreme north) is never completely frozen over, its 
ice covering consisting rather of cakes of ice (floes) which become 
smaller and less numerous as the summer advances. 

The distribution of sea-ice in the nortliern portion of the 
Atlantic and Pacific is largely influenced by the prevailing 
westerly winds in those areas, with the result that the western 
coasts of North America and Eiiratia are generally warmer than 
their eastern coasts. Thu.s tlie river-s and harbours of northern 
China, m the latitude of the MediVirtanean, are largely ice-bound 
in winter, as is al.so tlie Gulf of St, Lawrenro, in the latitude of 
the English ChantiGl. 

'] he fieezmt: over ot certain t-ea.s Is of imporlanqe in connexion 
witfi world trade ; it caui,es those npceasan’ .seasonal clianges 
which are made in some of ifie gieut .steamer routes. When 
Quebec bocomas inaccessible by the freuzmg of tlie Gulf of 
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St. Lawrence, Halifax, which is ice- free, takea its place as Canada' 
chief port of entry. The line connecting Port Churchill, q 
H udson Ray, with the Saskatchewan railways, for the dnei 
export of the praine wheat is, of course, useless m winter. 

Lakes generalllv freeze from the surface — ^therefore much mo 
slowly when exposed to wind Of the great North Americ: 
lakes, Lake Erie, the most southerly, freezes along the sho 
on^^ ; the others, usually all over 

Rivers mostly freeze from below (gronnrt-ice which nses lo 
the surface). In western Europe rivers do not habitually freeze 
in winter, though they may frequently become blocked Jjy 
accumulations of ice brought down from their upper reaches. 

Snow does not play such an important part in physical geography 
as ice. For statistical purposes, it is usual to reckon a foot of 
snow as equal to an inch of rain. The length of tune during 
which snow lies on the ground vanes with latitude and elevation 
above .sea-level, till the lower hmit of permanent snow, the snow- 
line, is reached. The height of this line varies from sea-level in 
most parts of the polar regions to about 15,000 lect in the 
Elimalayas and the tropical parts of South Ameiica and Africa. 
As regards Europe, the snow-hne is at nearly g,ooo feet in the 
Pyrenees, aljput 7,000 feet in the Alps, and no more than 3,000 
feet in Norv*ny. 


LESSON 11 

The Shaping of Shore Lines 

W E shall not expect a continent with so simple and uniform 
a table-land formation as that of Africa to have a very 
complicated outline. In western Europe, on the other 
hand, the long, much-indented shore line seems to be the natural 
result of a varied land-surface formation. The nature of the land 
along the coast will, however, be responsible for the main features 
only. For the working out of *he details, we must look to two 
other factors : movements of the earth’s crust and the action 
of the sea. 

The eiiect on the sliape of a shore line of the rising or sinking 
of the land is best illustrated by means of the sketch-map of a 
port on a rocky coast (see p. 555). At high tide — which is tho 
Wne as saying that the land has sunk — there wiU be quite a 
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corajilicfited outhnti at coast, with deep indentations. At lov/ 
tide, wlien the land has risen, <s level stretch of sand will he 
exposed, and the outline will be much simpler. 

Bays formed by the .sinking of land may be best described as 
■' drowned valleys," and their shape will vary with the nature of 
the land ailing the coast. Thus Sydney harbour, Australia, 
reproduces in its outline the shape of ■ vallev which descends 
from the east - coast 
range at right angles 


to the coast. Aiioftiei 
typte of drowned valley 
is S a 11 F r a n c i s c o 
liarhour. Its entrance 
linowri as tlie G(.ilden 
Gate, represents a 
transverse valley 
througli which the sea 
has gained admittance 
to (orni in the low-lying 
region behind the coast 
raii.ge, the actual bay 
Whore there are two or 

OTiWi? piii'a-i'iW ems-t 

ranges, with transverse 
valleys, we get such 
coasts ’ as that o f 




,-ir 


British Columbia, where 
the sea has got in 
behind the outer range. 
This latter is now re- 
presented by strings of 
rocky islets, and tiie 





coasts -as that o t 

southern Chile and V’* 




SHORE LlNEi 

clL H Lgh, Tide -»»«-»«» 
dS Lc?w TLcie^ 

drowned valley by a narrow strait separating tuem from the 
real coast-line, now formed by ithat was the inner range. 

A well-known form ol drowned valley is to be tourid where 
glaciers have been at work. Here the result will be a long, narrow, 
steep-sided bay, wliich wo call a tjord. It is geiierally shallow 
at its raoutli, which is distinct evidence ot its glacial origin, 
b^ing due to the presence ol a submerged end-moraine. The 
luo.'it remarkable instances of f)ords are to be touiid in Norway, 
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other examples being the sea-lochs of western Scotland, as well 
as the narrow inlets of Labrador, Greenland and the South 
Island of New Zealand 

Although not producing such striking coastal formatioits as 
those referred '^to, similar processes occur on low-lying coasts. 
The lagoons (limans) of the Russian Black Sea coast, althougP dve 
rivers are gi'adually filling them with alluvial deposit, correspo'^dwl 
strictly, in their original shape, with the contours of the 
The estuaries of the Orwell and Stour are also good examPks. 

Where parallel mountain ranges run at right angles to the 
coast, we find them reproduced in the shape of long, natiiow 
peninsulas, with narrow bays between them, as in Dingle 
Valentia Harbour, and elsewhere in south-western Ireland This 
“ ria ” formation, as it is called, takes its name from the sii’^har 
type to be found in north-western Spain, where Vigo Bay 
Corunna harbour are good examples. 

The sinking of a low-lying sandy shore lined with sand 
will result in the formation of shallow coastal lagoons, as ifi the 
" Landes ’’ of south-western France. The valuable Bulgarian 
salt lagoons were probably formed in this way. 

Where the land has risen the sea-ftoor will be eX'posed- 
level, it \vill,,form a coastal plain with a very simple shore hue, 
Tbs, sbaxs. ciC ^ a ^00.4 cst hbW, aa 

is also the Atlantic shore, south of New York. 

The action of the sea on the land along the shore line is ^ 
twofold nature, destroying or building up. Coast erosiejn 
take the form of a steep cliS-face being undermined by the 
sea, with the fallen fragments along its base, and sandy peach 
above low-water mark. Examples of this may be fouU'i 
several places along the south coast of England, with iW soft 
chalk cliffs. One of the most striking instances of erosion by the 
sea is Heligoland, which in a.d.Soo had a coastline of 
reduced by iQoo to only 3 lailfes. 

Low-lying coasts ai'e often exposed to destructive sea efoston 
of a rather difierent nature. StSDrms which, in the case of a focky 
coast, merely increase the eroding action of waves, become 
catastrophic when striking low-lying, and therefore defenc®*<^ss, 
coasts or islands. Within historic times the Zuider Zee in 
was a comparatively small inland lake many miles from th<^ sea, 
while the East Frisian Islands were either not islands at bi 
tyers close to the coast, and much larger than they are tod®-y- 

( 556 ) 



PHYSIOGRAPHY 11—12^ 

DpqUoying at one, place the sea may' be building up elsewhere 
and in this latter work the play of the pievaihug currents, or of 
thi tide, takes a i onadcrabk part hamiliar e-i iniplrs are Chosil 
beach Dorsetshire which now joins the Isle of Portland to^thc 
in.iini'vnd md the silting up of the tinque Porls of Romney 
Rye, Wiiichclbfa and Hytlie 

It IS quite permissibh to speak ot several age. in the life of a 
shore line fn its childhood a co ist presents itself as foil.^ed 
iiiulu conditions due to the shape and undulations ol the adjoiiuiij. 
land In youth and tnuldli igc we liiid it with a v tried and ottf ii 
broken nutluu' due to u[iu|ual erosion t)f locks of varying 
hirdriLss In old age thi pi oiuoiilonts li ue been woin away to 
a eert nil e\teiit while sand hiuiight from ihcvshero by eu’iieiil 
and tide bas fotnud Innlcs ind sjiits aeiosj the month of inlets 
and istuaues which are also being filled iija by ddbris and mud 
biought down by rivers and stietims 

LrSSON 12 

First Stage in Map-Making 

M aps are at the same time highly usetul and e\?rAordmarilv 
fascinating I itles to landed pi opei ty and boundary 
rights ultimatelv depend upon maps Probably the 
most interesting piece ot work achieved by a great explorer is the 
map he produces to illustiate his jouineys The traveller some 
times finds considerable annoyance and at other times a rare 
delight, in the diseovcnna that the official maps contain a mis- 
take We have, here, to consider how maps are made, and it 
will be advisable to examine briefly the principles which arc 
involvod in the field work which precedes accurate map-making 
ilie shape of a triangle di pendstentirely upon the swes of two 
of the angles Triangles of the same shape have their sides in the 
same pwiportion , for example, the side adj icent to the two 
.specified angles in one tnang'e is a foot m length and the corie- 
spondnig side m a second tiiangU* of the seme shape is two feet 
long the remaining sides of the smallor tiiangle ate each half of 
the corresponding sides of the liiger triangle 

If vve wish to make a map of the home siin oundiiigs we may 
pioceed to use the above fait Inom a pole fixed m the garden 
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we measure the distance to a pole fixed in a neighbour’s garden 



BASIC PRINOIPUES OF MAP-lflAKlNQ. Figs, 1 to 4 reSerrlng to experiments 
which arc detailed in the text 

until it points at the neighbounng church spire ; we then record 
trom the circle " the angle of swing." Similarly, we measure the 
angle of swing when the stick is pointed to, say, the factory 
Chimney, the school belfry, the telegraph post on the roof of the 
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posL-oOice. Friim tlie second pole we measure in the same 
fashion the angles of swing to the same points, and we get tho 
following rccorrl ; , 

Angle of Swhig. 



From our 

From the 


pole 

second pole 

'0 church spire 

... 80 

80 

, factory chimney 

45 

no 

, school lieltry 

130 

30 

, post-office 

80 

70 


<Notk, — The post office is on the opposite side of the base line 
from till) otlii'r Imilclitigs 

We now proi.ced to make the map. On a scale of i in 600, 
100 yards is represented by h indies. Draw a straight lino 6 
indies long, plot the angles speeiliod above, and extend the 
lines until they meet. The result is similar to Fig. 1, which is 
drawn on a scale of i in y.roo, or i inch = 200 yards. Having 
drawn the map, we can use it to discover the distance from one 
of tlie six points to any of the others. Since it is necessary 
to draw a triangle for eacii point sighted from tlie ends of tho 
base line, the principle here illustrated is called tnangulativn. 

The instruments which are used for triangulati^n all depend 
upon the measurement of angles. * 

A prismatic compass gives the bearings of each line of sight, 
and from these the angle of swing is calculated. To facilitate 
sigliting, metal pieces with slits and wires are attached to the 
compass. 

A theodolite consists of a tefescope for sighting purposes, 
specially where the distances are great, and two graduated 
circles, one horizontal and one vertical, on which are read the 
angles of swing and tilt respectively of each object sighted. 

It is sometiinc‘.s desirable to get the triaiigulation drawn as the 
sigliting is performed. This method obviates the reading of 
angles in degree.s and fractions of a degree, and yields a map 
drawn out of doors The instrifment for this purpose is a plane- 
table, of which the essential parts are a horizontal drawing-board 
and a sighting ruler — i e. a ruler Qtted with metal uprights as 
in the prismatic compass, to eirsure accuracy. 

In every case, however, the length of the base line is measured. 
i'ov tills puipii.'iv a stiraevor's chain is usually used. A second* 
principle ol surr-uying is embodied in tho method of off-sets, 
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illustrated in Pig a. This method can be canied out with a 
chain and a croas-stafi, but it can only be used when the surveyor 
actually goes to the points at the ends of each of the ofl-sets. 

Such a necessity limits the usefulness oi the method, because 
it confines it to'‘ small ai'eas which are free from obstructions on 
the ground. The i.yoss-staff is an instrument by which the 
surveyor is able to make snre that each off-set is at right angles 
to fne base line, 

Tho way in which these survey methods are used for map- 
making may be illustrated by the following proposition ; 

" A commercial air route is under plan across an extent„of 
ocean. An aerodrome with landing and repairing facilities is 
requued about half-way across The island, Manana, promises 
a suitable site, but theie are no good maps oi the island A 
parly of surveyors is .sent to make the desired map as a basis for 
tlie purchase or lease of the whole or part of the island ” 

The surveyors approach the island from the north-west, and 
see the view shown in Fig 3. They proceed to determine the 
latitude and longitude of the three Capes, A, B, and C. 

A boat party is landed at Cape A about 11.30 a.m. The 
angular elevation of the sun above the horizon at the precise 
moment whejp the sun is highest m the sky is measured with a 
sextant : th® value obtained is 62“ 15' 30". The time 'registei ed 
by a chronometer which keeps Greenwich time at the moment 
of the sun’s maximum altitude is 10 p na The surveyor proceeds 
to make the fotlowmg calculation . Tfie sun's altitude iCt local 
noon at Cape A is 62° 15' 30" — i.e. the sun’s distance from the 
zenith is qo“ — 62° 15' 30", 27° 44' 30". Therefore 27° 44' 30" 
is the difference between the latitude of Cape A and the latitude 
of places where tlie sun is exactly overhead on this day. 

The “ Nautical Almanac ” states that on this day the sun 
is overhead at lat. 10” 19' 30" N. Then the latitude of Cape A is 
27“ 44’ 30" -f 10° ro' 30" N— i.c. 38° 4' o" N 

Because the Greenwich time of local noon is 10 p m., Capo A 
is I of 360° west of Greenwich, t.e 150^" west longitude. 

By circumnavigating the island and landing boat parties at the 
several cape.s the explorers are able to make sketches of the coast 
views and to deternirae the latitude and longitude of the chief 
capes. From their observations a first map is made, Fig. 4. on 
which the positions of the Capes A to F are accurately fixed, and 
all the other iiifotmation is merely sketched in. 
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Fig. 4 merely a diiigrammatic map made within a square 
ot which the sides represent one degree of longitude or one degree 
of latitude. One degree ot latitude is always the same length, 
Oo nautical or geographical miles and nearly 70 English or statute 
mile.s , but one degree of longitude may be rnertfly one statute 
mile, if it is mea.sured from east to west near the North Pole, or 
nearly 70 statute miles, if measured along the equator ; conse- 
quently, Fig. 4 distorts the shape of the island by making'^it 
appCiir tirciader tlnan it really is. This distortion is not a rnqtter 
of great inifiortance in a diagram such as this. 


lACS.SGN 13 

Triangulation in Map-Making 


I N the preceding Lesson we supposed that a boat party had 
landed on the island of Mariana to make a survey and map, 
with a view to ascertaining whether the island would be 
suited for an aeroplane base. Having pitched their camp near 
the mouth of the stream on the shores of Bay B, ®ti the first 
citar night the sui'veyors pi'ocoed to check the latitii'dc ot Cape 
F by measurement of the altitude above the horizon of the Pole 
Star (the latitude of a place is always equal to the altitude of 
the Pole’Star above the horizon measured at that place), which 
is found to be 37° 21' o". Meanwhile, a wireless installation at 
the camp put them into rapid touch with the rest of the world, 
and the longitude is checked by exchanging messages with the 
nearest observatory, 

The surveyors tramp about on the island to find the largest 
po.ssible* stretch of level ground. They decide on the line X Y 
along the shores of Bay A. and pflieeed to measure the length 
of X Y as accuratel}'' as possible; it is found to be 40 miles. 
The line X Y is the ha.se line lor tl"e primary Lriangulation of the 
island which is next determined 

I'lit' Fiyst Tuangie. Theodohles are erected at X and Y, 
end the angle.ij to Cape B from these places are determined 
(F'ig. I). Angle a i.s izo'’ and b is 30". From the known length 
of,X Y and the angles 120“ and 30° the distances of Cape B 
from X and Y are calculated. 
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The Second Triangle. The angles from X and Y to Peak A 
are measured ; first the angles of swing, o and d, and then the 
angles of tilt above the horizontal, e and /. The air triangle, 
X Y' Peak A, will appear on a map as the triangle X Y M, and 
from the luiown length of X Y and the angles of swing, c and d, 
the lengths of M Y’ and M X are calculated Using the length 
Mpe, and the angle of tilt /, the height of Peak A is calculated. 
By rising the length M Y and the an.gie of tilt e, the height ol 
Poak A is determined again, and this last calculation serves to 
check the whole piece of work. 

Up to the present the horizontal base line is used to determine 
the horizontal first triangles, X Y Cape B and X Y Cape A ; 
and also to detciniine the positions and heights ol Peaks A and 
B, both of which arc visible from X and from Y. But Peak C 
is not visible from Y, so the line M X and the angle of tilt /. 


Peak C. 



First Trianglo Secoml Triangle Third Triangle 

riQ. 1. TTfPES OF TR1AN9UIAT10N 


which have already been determined, are used in the third 
triangle. 

The Third Triangle. It is usual to mark the precise points 
sighted with the theodolite by flagstaffs or cairns, so that the 
theodolite is transferred from Y to the cairn on Peak A, and the 
angle of swing g and that of tilt I are measured, while the angles 
of swing and lilt, h and k respectively, are measured from X. 
From these observations the lengths of M N and N X and the 
height of Peali: C are calculate'il. 

By using the line from Peak A to Peak C a third triangle is 
used to fix the position of a cairn erected on the top of the cliff 
at Cape C, and from this cairn and Peak C the position and height 
of Peak I) are fixed. 

In this fashion the whole of the island is covered by a network 
of primary triangles, of which the first few triangles are shown 
cliaguiinmatically m Fig. z. This method of map-making depends 
upon the principle of inangulalion. 

( 562 ) 



f 

.'l.'-'t 

CC-K’" I 


\ 


-^jaCF 


Fig. a. 


S . 

D^bO 

iMjtj of His pnnury 
tn in 111 Hioii 


TPJ^NCUIA''iION IN MVP-M^KING 

Ihe suivcyorh htive now rcdchid a when they know 

tlu isLind fauly w('U and tliby fkciflf that Ihfie are two pos'idtle 
‘it's for the aeiochonie on' ik n the sliore west of Cape h jind 
the otficr on a pi itcau noith i i<-t of Peik D CoiiS( cpRiitly 
the whole aita of thi ti!<in..;le f D ( 'pc F (1 15 2)*is more ictait- 

.il( Ivsinvt'V'd bj' a series of smaller 
scuiiidii^ tiiaiiftlcs with the lesult 
that (i) (111 roistlirie of B rj R, pi) 
the (0111 ,( of the iivrr winch tufas 
the h ly (ill) (Ik situation of thf rulgi s 
which ladi.itc from I’l ilc C., (iv) tho 
sin [I ( ( 1 , i of flu soiithi rii plajcaii, 
(v) po il)l( 1 iil(%ay route, from a 
scrtlaiuiit lit ir the uioulh of the 
inci toe ich of the aeiodtoiue site,, 
ate, ill ateiirattl} lixtel upon a map, 
as sttii in the diagram in tho 
following page 

Ihret otha piei.eb of work rernam 
to he done (a) the survey of the course of the main nvers in 
connexion with tho possible w itcr supply for the town scttkmeiit 
and the aeiodromo, and in ordci to dt tcrinme the l^st sites for 
farm settlements (b) a still more detailed sui' 9 oy of the 
immediate neighbourhood ol the aerodrome sites and (c) a 
fairly elaborate and detailed 
survey &f the site for the pro- ‘ ' 

posed town settlement and for 
harbour woiks 

A rapid survey of the mam 
river \ alleys is carried through 
with (1) an aneroid barometer 
(11) a plant-table, and (in) a 
pnsmatii compass Tho sur- 
vcvoi leachts the iivcr ind 
hxes the loc itionof d [irominent 
laridm irk on the bank, chosen 
foi its convonienit , bv taking ( oinpass b(»armgs lioni two cn more 
of the cairns used m Uit priuury triangulatiou , he proceeds 
along the inti and diawson tin plant table htu sol si)ght to land- 
mat ks oil tlu run hmk mil to the (.urn, Atnich landmark ha 
d( ttiuiiuc, his 'uigiit above .'C t k\cl by mians uf tho atieund 
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As a result of the plane-table work a series of sketch maps ia 
made' nil which " spot-heights " are marked, as in Fig, 3, 
survejmr who actually traversed the area uses those spot-heights 
to siretcli in contours or iieight-lines, as shown in Fig. 3 
Such .sketchy contours are not sufficiently accurate for use 
regarding the rival merits of the two possible aerodrome sites, 

so that the sur- 
veyors, equipped 
with chains, sur- 
veyors' poles, and 
theodolites, pro- 
ceed to make 
detailed surveys 
of the flat, almost 
level areas which 
they li a V c 
selected. On these 
surveys the con- 
tours are shown 
for every 25 ieet; 
and the parts of 
the sketch con- 
tours, which occur 
in the neighbour- 
hood of each area, 
are carefully cor- 
rected. Finally, 
with chain and 
theodolite a plan 
of the proposed 
town settlement is 
" pegged oat ” on 
garden city lines, and a map- of the settlement constructed to 
show the proposed streets, etc. The final re.sults of the survey 
comprise a map of Maiiana, su'ih as Fig. 4, and large scale plans 
of the two aerodrome sites and the town site. 

This Lesson conclndes our Course in thisio^rapliy. 



FI*. 4 Contoiired map o( Mahana 
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LESSON 16 

The Hormones and Their Functions 

I .'I L«'?son 15 (Volume 3. page 613) we reviewed llie nutrit?ve 
fluid of file body as the medium on whose constant enmposi- 
tioii depend the life and health of the cells, as individual 
lillit,s. Cells aie uuiti'd to form tissues, tissues to form organa, 
organs to form systems —earh group of colls, tissues and organs 
being speciall/i:d to ]irTfoim definite functions. 

This division of lahom .tin! office is the product of evolution, 
and hccomea over more coinplo'c as life proceeds from more 
primitive to more higlily organized foriirs. Comparison with the 
development of a fighting force may be helpful. Such a force 
may consist of anything from a small band of individuals, acting 
moie or less in concert, to a highly organized modern army corps, 
witli its divisions, brigades, companies and platoons, its service 
corps, medical corps, intelligence service, etc. — a vast organiza- 
tion requiring a controlling centre, general headi^rarters, in 
control of and in communication with every department, Each 
departnrent has also its own control over and communications 
with its own and every system of units. In this manner complete 
co-ordiniJtion and unified action are secured, so that the whole 
acts as a single machine. Means of communication may be by 
human runners or by field telegraphs radiating from headquarters. 

In living organisms of a simple kind, communiCEition and 
control are effected solely by a postal system in which chemical 
subsbmces manufactured in specialized parts of the organism 
are coiu'eyed by a primitive form of circulation to other paids, 
the activities of which are thereby influenced. Higher in the 
8C.de of life, a simple form of nervous system appears. This 
consiiita of highly speci.dized cells Ijiikecl togctlier by communicat- 
ing fibres and groiqied into nerve centres, each cell giving off a 
long fibre or nerve filaiiient, w-hich coavey.s impulses generated 
ill the nerve cell to some other part of tho organism. Other 
nerve cells receive messages arising from stimuli brought to bear 
oil, the peripheral parte, which serve to keep the organism in 
loucli with its environment, and enable it to provide the suitable 
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response. This piimitive nervous system develops in close 
.ibsocuition with Uie gioups of cells from which the chemical 
messi. ngers arc derived — Nature is conservative and makes use 
of her moi e primitive methods to build up her higher organizations. 
Much of the cciitiol and regulation of the vaiious systems con- 
tinues to be effected through the medium of the special cells 
which provide the chemical messengers, or, as they are more 
commonly termed, the hormones 

Higher in the scale of life the nervous system is divided into 
two raoie or loss distinct but closely interrelated parts (i) ths 
111010 primitive vegetative or, as it is sometimes called, autono^mw 
or sympathetic system . and (2) a central nervous system con- 
sisting of brnm and spinal cotd in communication with all parts 
of the oiganism through wide ramifications of nerve fibres. 
They fonu a great ceutial nerve exchange, in which all messages 
tram the outer woild ate received and from which all messages 
giving rise to muscular activity aie sent out. Co-ordinatioii and 
control of the borhly systems are delegated to the vegetative 
riervo cells and fibres and to the hormone-producing cells These, 
while carrying on autoniatic and unconscious control of the vital 
processes, aie, nevertheless, linked up closely with the higher 
centres m the central nervous system and are constantly under 
their infitieifce, nvth the result that every bystem — circulatory, 
lespiTdtory, digestive, etc — is brought into immediate touch 
with, and IS able to respond to. every stimulus received from the 
outer world, and to adapt itself to meet every call received by 
every other department of the body 

No longer concerned with the routine regulation of the vital 
organs, the biain ni the higher forms of hte has developed a 
uore advanced form of nervous activity, and special parts of 
it have been set aside to serve a.s the seat of consciousness, of the 
intellectual activities — the capacity to reason and to contTol to a 
large extent the external environment, and so to spare the woik 
thrown on the more vital mechanisms. These highest functions, 
however, remain in close touch with everything that is happening. 
They can mobilize the activity of every department and, m their 
turn, aio influenced by any bodily disorder 

Glands of Internal Secretion. Our immediate concern is 
with the fioimones Secretin, the honnone efaborated by cells 
in tlie wall of the duodenum in response to the stimulus of the 
and contents of the atoroach in contact with them, ia one 
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oxaraple, and insulin, sucretoil by .ipmal netls in the pancn^as, 
is atmtlvor. Sccrntin is posh;fl by way of the circulaticjn to 
reacfi tfic panorc.is, where it htiniuKles the cells of that or^an 
which secrete the pancrc.itic juice. Hormones have, in every 
case, a special fle.slinntion and a highly selective tictioii. They 
urigiii.ate in certain gl.indiilai organs of a special kind. 

Glanrls are of various orders. Lymphatic glands are part of 
the lynipliatic system, wlmse oltice it is to cleanse the body 
iniiaoliic invaders. Other gl.indi secrete juices which pass to 
their rlcstination by wav of a duct or tube : such arc the salivary 
j'lan^ls, liver and jKincre.is. Ilornioni'.s are derived from glands 
that liave no ducts, hut whieh poui (lieir Kecretioii direct inlo^the. 
e.ifiillary blond vessel.-. Ili.il siiinuirul their cells ; hence they are 
kiinuii as the chictle'.'. gl-inds or glanrls ot inteina! secieliou. 
The liver cind pancre.is resemblo them to some ci.\leiit inasmuch 
ns, in addition to their digc-itive jiuces which are seeroted l.hiongh 
ducts, they make hormones which pass direct into the circulation. 
The glands of internal secietion are as follow ; (i) The adrenal 
or suprarenal glanrl.s, each of the size of a lith or segment of an 
orange and lying just above each kidney. They are richly 
.supplied with blood vi-ssels and with nerves connecting them 
with the sympathetic nervous system. {2) The thyj^oicl gland. 
This i.s the largest ductless gland and i.s situated in [font of the 
neck, where it lies astride the windpipe . it is also highly vascular 
and Ultimately connected with the autonomic nerves. (3) The 
pituitary* gkmd. This is about the size of a cherry and is 
situated within the cavity ot the skull resting on its floor at the 
base of the brain. (4) The genital glands, the ovaries and testes. 
The,se. in addition to their reproductive function, secrete hormones 
of great importance to the growth and activity of the organism, 
(5) The pineal gland, a tiny structure buried in the brain. 

LESSON *17 

Further Study of the Hormones 

I N contimiin.g our study of the glands whose oft'ice it is to 
provide the hormones, or cheitiic.al messeiigers, we .shall 
sec that in these small hut very active orgains hormones 
of Jiwo kinds are preparerl. Some are intended for, and produce 
immeiliafe ctiect.s in, the controlling ami exciting of the action 
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of specific parts of tine bodily machinery. Others, while they 
proauce no immediate effect, have to do with the p'Owth and 
upbuilding of specific tissues. That is to say, some hormones 
are' concerned with function and others with maintenance and 
development. , 

Of the first mentioned, the substance adrenalin, produced by ' 
the suprarenal glands, is a typical example. When we were 
.stCdying the circulation of the blood, we saw that the .stopcock 
action wliich controlled the supply of blood io various parts was 
partly brought about by the action of thi.s .substance. This 
action comes into play whenever sudden, prolonged or violent 
muscular activity is called for. Tt is essentially an emergency 
provision. 

A sudden and alarming situation may have to be mot by 
fight or by flight, or a violent emotional disturbance call up a 
jirimitive instinct, such a.s anger. Going into action under shell- 
fire, with not only its call on the muscular .system but al.so its 
associated fear and excitement, would, for instance, make a great 
demand on these glands. The call for action is received by the 
brain ; messages hence flash out by way of the sympathetic 
nervous system to the adrenal glands, and these respond by put- 
ting out a rapid increase of secretion into the blood stream. 
Immediately, in certain areas of the body, especially in the ali- 
mentary ti'act, the. blood supply is shut off so as to meet only 
the barest possible requirements of the organs concerned, whi’i 
the supply to other parts, whose activity is needed to ths fullest 
extent — such as the heart, lungs and voluntary muscles— is 
increased to a maximum. 

In normal circumstances, the varying needs of the organs for 
blood are met by the control of the sympathetic nervous system. 
Adrenalin provides the extra stimulus to meet an emergency 
demand. This secretion has also another helpful mode of action 
under these circumstances, dt stimulates the liver cells which 
store glycogen to pour glucose into the blood stream, and so 
provide for the increased de-mauds of the muscles for fuel. 
Adrenalin is especially interesting in that it is the only hormone 
substance that ha.s as yet been prepared by the chemist in the 
laboratory In vivo, it is made by the cells constituting the 
central part, or medulla, of the gland ; the outer part or cortex 
secrete.s a hormone, the action of which is concerned with deve- 
lopment and maintenance, especially those of the sex organs, 
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and it also appi'afs 1o piomoLe the reswlanco of rhe body to to^ic 
The cortical secretion w indeed more essential to dailv 
life than tliat of the medulla, thoiu'h the action of the latter is 
fiLttir understood, and forms an instructive picture of -Sie 
iiie< hanisms which link up mind and body, of which as yot so 


Cnco 

Thyroid 

Membrane 


little IS known 

Thyroid Gland. 'I he tliyioid gland, the secretion of which 
IS (oinpo fd vtry largely of iodine, has both a functional aiHi 
dcvelopini'iital adivily ft shares with the adicnal glands the 
picparation of the body to 
nuet siidfleri and fsic'-sive 
df mauds on niiisculai 
ai tivity and niiolional dis- 
turbances When such calls 
aic made cm it, it bcccnnts 
moie active, and the hoi 
mom it secretes has the effect 
of increasing the hungei of 
the tissues for oxygen The 
flics of life blaze up, and 
combustion occurs at a 
greatly iiici cased rate In 
this way it reinforces the 
action of adrenalin Thyroid 
secretion also plays a highly 
importatrt part m the de- 
velopment and maintenance 
of mind and body A child 
whose thyroid gland isdefec- thyroid gland, 
tive m function is stunted m 
mental and bodily development, and, unless given thyroid 
gland sitbstance obtained from an animal, becomes a cretinous 
idiot Adults witli defective thyisid secretion are subnormal 
in both mental and bodily activity Their fares of life burn slug- 
gishly, and the activity of all the 'rest of the internal secietmg 
glands IS mipaired If, on the other hand, the gland is ovnactive. 
as sometimes happens, the individual is icstless, excitable and 
emotional, with rajiid pulse and bodily wasting from excessive 
combustion Where ‘icietion is detective the sexual activities 
ani, markedly dinuiiished, owing to the close connexion between 
the sex glaiulb and the thyroid. 
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PJtultaiy Gland. The piluitaiy gland is essentially a grovth 
and-development contiollinR organ Its principal liornjQ^g 
controls all the bvstenis of the body concerned with mustiujjj 
>,voik and enables them to respond to the demands mad^ qi, 
them In cer'am abnoimal cases the gland is overgrown, anj] 
tins leads to excessive tallness of stature, or, in some cases to 
abnoiinal development of ceitain bones and museles — a condition 
kifawn as aciomegaly Tn health the secietion is respoiisiy,. 
for the stiengthcnmg and better development of bone and raiisdo 
that nonnally follows on musmlar exercise, as, for instance m 
the case of the brawny arm of the blacksmith The o\ er-devoipp 
raent nhicli occurs m the abnoimal cases inferred to is soou’eqI 
lowed by degcneiation Natuic has, as so often, oveishof tin 
maik \nothci hormone secreted by the pitmtarj is now kitowi 
to Control the changes that occur in the iipening of the female 
germinal cells 

lastly ue have the sex glands These, in addition to their 
reproductive function, secrete a hormone which has a powerful 
action on growth and development It acts mditectly through 
tlio media of the glands we have been considonng by stimulating 
their activity All these glands take part in team work, and fa,iluie 
on the part ot one invokes all the others In the absence of or 
jEJih rtf.fert ^f tli? scy ^glands tixe U'vstcvnnra I fftstores! whwtj 
the male or female fail to develop Bodily contour, growth oi 
hair ui certain pails, tone of voice and external sexual structure 
are so altered that determination of sex by ordinary observation 
13 difficult or impossible Excessive production ot the sex hor- 
mone leads to premature sexuality, often at a very early age, 
with too early development of the anatomical sex organs and 
charactsnstics — voice, hair, bodily contour, etc 

Space will not permit of reference to the less important internal 
secreting glands I hough mfeiior members of the team, yet 
they play their part, under ^he supreme control of the central 
nervous system, in determining the bodily and mental charac- 
terjshcs of the race and of the individual, in creating “ personality" 
and m controlling function A hltle nioie or less of one or other 
hormone, and all those characters which distinguish the behaviour, 
personal appearance and temperament of the individual may 
imdeigo complete transformation. 
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LESSON 18 

Structure of the Human Brain 

(See plate 62 ) 

T he mcclianism Uirout'li which the body rt-sptjnds to, con- 
trol*,, atul IS in consrious touch 'vitti its environinerft, 
consist:,' of a u'litt.il iierw mrictune, fioni which radiates 
to all parts of the body a system of liviiiK wiU’E,, tin; mjrves 
Knpreme in the make up of llie ccntial machiiu; is the Itraiu. 
As a gloat adiiiuiislialiv'e and goveimng oipan, it is the .seat 
wticure issue all impulses to voliinlaiy iiiovcmcnt. 'I'o it pass 
jni‘isa''os ficmi tin* mitsi'k* woild to tic iccoided in cnnseioiisness. 
and it i.s the seat ot the intellectual ptorcbses built up from 
sensory impressions, tiioii.yht, menioiy, leasiming, emotion, and 
tlie ivill. 'I'he brain occupies tlie greater part of the cai ity ot the 
skull, the rest ot the available space being occupied by its three 
layers of mcnihranous covet mgs or meninges, the space between 
the outer layers being filled with the cerebro-spinal diiid. This 
fluid not only bathes tlie outer sinface of the brain and spinal 
cord, but is toimd in hollow cavities or ventricles withi^ the brain, 
and also in the central canal of the spinal cord. acts as a 
kind of water cushion for the delicate structures it ‘•urmunds. 
A vast field ot capillary blood vessels penneates the brain tissue 
fed by thfe large co-rotid arteries, which leave the aorta soon after 
its ongin from the heart, while the return of venous blood takes 
place through large venous spaces or sinuses lying on the inner 
surface of the cavity of the skull. 

The bram has a complicated structure. It is divided into an 
uf»per and lower portion partially separated by a horizontal 
niembratie extending acro.3S the skull cavity. Above the mem- 
brane iie= the largest portion, the*oerebnim. This is divided 
by a vertical hssnre into tight and lefi cercbial hemispheres, 
united aciosi the fisf me by a broad'band c>{ brain tissue composed 
of buudly.s of nerve ftbivt,, the roipiis callosum. Below the hori- 
zontal lueinbiMno the brain stem or ruul-hiuin extends down troin 
the ceutio ot the cerebrum. This stern, m turn, merges below 
into a rounded tnews, the /'uha I'atuhi or bridge. Lying behind 
llnj budge is a laigci mass having two lobes and a striated appear- 
ance of its snrfai e. Tin , is the cerehelliini or siiidll brain. Bolow 
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I h‘'i level the bridge passes into the enlarged upper end of thespmal 
rord, the bulb or medulla oblongata Wlieie this merges into 
tl)if spinal cord the latter passes through the hole in the base 
of the skull the foramen magnum, into the spinal column I he 
pons or bridge serves to connect up the bulb with the upper 
brain, and the cercbrlhim with the rest of the neivous system 
In the bulb are situated the vital nerve centies which goveni 
tne action of the heait, lungs and digestive tract 
GiBV Bialti Substance. The substance of the bram is of two 
Icindi- a white substance, most of which consists of bundles of 
nci VC fibres and a smallei amount of giov substance Ala 3 ferof 
the nrov mattei covers the surfare ol the bram, and it is also found 
111 isolated masses in the lower part of the cerebrum and cere- 
belluiii I lub gicv matfei is romposod of nerve cells with branch- 
ing processes winch form a dense netwoik The layer of grey 
matter on the siuface ot the brain is known as the cortex Here 
the cells are ananged iii layers of varying depth In some parts 
they an- io anvl more deep the cortex being nearly a quarter of an 
inch m thickness From each cortical cell runs a mam nerve 
fibre or axis cylinder , these are collected into bundles to make 
up the mass of the mterioi of the ceiebral hemispheres Othei 
shorter processes fioni the cells branch, intermingle and come 
into close Contact with similai processes from other cells These 
processes are known as the dendrites, and through them the 
cells are enabled to be in comrniimcation with one another 
The extent of the cortex is greatly increased by bem^ disposed 
m folds or convolutions, sepaiatcd by fissuies or sulci of varyinf 
depth Some of these fissures separate the surface of the cere 
brum into more or less distinct aieas, and withm each of thesf 
areas the cortical cells perform special functions in their capacity 
as the highest clas-, of nerve operatives Thus an area at^thc 
hinder end of the cerebral liemispheie subseives the Tunctior 
of vision Objects on one side of the middle line of the bodj 
are here visualized, but on the opposite side of the bram 
Motor Area. Jfoie anlefior is an area — the motor are. 
—the cells of which imitate voluntary muscular action Thi 
area is divided up into smaller areas, each of which contiols flu 
movements of certain sets ot muscles Thus there is a ceiitii 
for the arm, another for the leg, another for the face, and so on 
The nerve fibres passing fiom these cells and conducting tfiei 
uitssago cross over the middle hne at some lower part of th 
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central machine so that the limbs and face on bne side are edn- 
trriilerl by a motor cRiitre on the other side. Hence an injury to 
one side of the brain will i;ause paralysis on the opposite side 
of the iiody. An area situated below the motor region .subserves 
fhe reception and recording of sound wave,s— ithe auditory 
(.entre. Close to it, again, i.s the speech centre. In the cortex 
of the frontal lobe.s of the hemispheres are the cells re, sponsible 
for llie highest uitellectuai jrmcesses. ® 

The cuniple.xity of the cortical convolution.s i.s an inde.x of 
inteilit'cnce and mental activity. As we a.sccnd the evolutionary 
.scale so we find an increasing development uol only of the .sire 
of tfio liraiu, hut in the thickness ;ind surface extent of the 
cortc.s;. For every new atUiinincnl aiKl train of tliouglit achieved 
by Llie sjK'ries, new groups of cells and ramifying dendrites are 
resjuired. These liecotue linked up ami form a beateri path, as 
it were, for oft-repeated tues.sages to pass along. Thus mental 
habits and habitual muscular movements are formed and estab- 
lished. The masses of grey matter lying at the base of tlie cere- 
brum and composed of nerve cells and their processes are believed 
to be tne centres where the highest forms of sensation are recorded, 
thence to be transferred by nerve channels to the higher centres 
in the frontal lobes. Such sensory e.'cperience.s are feelings of 
pleasure and pain, comfort or discomfort. These centres may, 
therefore, he regarded as the seat of the emotions, and we find 
that they are linlced up with the automatic or vegetative nervous 
system through which nerve impulses are conveyed from them 
to the circulatoiy and digestive and respiratoiy organs. 

Composition of the Spinal Cord. The spinal cord is the great 
main cable through which the administratic e centres of the liraiu 
are in communication with the body. It is divided into two 
columns connected by a continuous bridge work. Unlike the 
brain, grey' matter forni-s the core of the corrl and the w'hite matter 
surrounds it. In the grey matter tfl'e grciups of cell operatives, 
while the white matter con.sists of nerve cables uniting the cells 
of one .station with those of a di.staM one. The grey matter and 
nerv'e fil)re.s of one column arc connected up with those of the 
other column by fibres passing across the connecting bridge. 
Tlie spinal cord represents tiio primitive nervous system. Only 
in the higher forms of life is the grey cortex found on tlic surface 
of tjiie brain, thus allowing for its higher development. 

Our Cnuti!: in I’liysiulosy Is roiiliinied In Voluma J. 
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LESSON 1 

WIi3’' We Should Learn Spanish 

A knowixdge of the Spanish language is of growing import- 
anceinthc commeicial vvoild today, and many business 
men, indeed, consider Spanish more desirable than Ger- 
man, pci helps because so many Germans have a knowledge ol 
English During the pa^t lew years the use of Spanisli has 
spread consideiably , and with the lapid development of the 
resoiiices of South Ameuca, wheie Spanish is the language of 
business, a working knowledge of the language should become an 
evcellenl investment in a business caieer even if there were no 
other advantage to be gained But, of course, there is We 
emphasise the commeicial value of Spanish, but it must not be 
overlooked that Spam has a modern liteiature which, if often 
wanting in originality, has many works, both grave and gay, of 
distinct talent 

lo the student vnth some knowledge of Latin, the study of 
Spanish should come more as a pleasure than a task, for he will 
find many words which have a familiarity about them, and the 
pronunciation will present little difhculty A phonetic pronuncia- 
tion is given in the early chapters of this Course, and the student 
should follow it carefully, noting the slight diffefences of 
pronunciation between the Spanish of Castile and that of South 
America 

The Alphabet. The Spanish alphabet is composed of twenty- 


nine lettcis Theie are 
are pronounced as follow 

twenty-four 

consonants, 

whose names 

B 

. . bay 

K 

. . kah 

R 

, a-ray 

C 

thay 

L 

1 , el-lay 

RR , 

ar-ray 

CH 

.. chay 

LL 

. . el-lyay 

S 

essay 

D 

.. day 

M 

, { em-ay 

T 

tay 

F 

. , ef-fay 

N 

. . en-ay 

V 

vay 

G 

.. hay 

5i 

. . en-nyay X 

a-keess 

H 

. . ali-chay 

p 

.. pay 

Y 

e-giee-ay-gah 

J 

. , hoh-tdh 

9 

. . koo 

Z 

. thay-tah 

Pionuncialion. 

Theip 

aie five vowels, and the distinct sound 


ol each, which is the same as its name, is nevei vaued. The 
( 574 ) 


WHY WE vSHOULD STUDY SPA|^^ISH 

vowels are pronounced as lollow : 

\ i; I o u 

ah ay ee oh oo 

The u IS silent in the sr llablcb que, qm, giie, gia, nliich must be 
pronr/uncccl Kay, hee, gay, get , uhen the u is to be pronounced in 
sylhiljltT of tins kind it is inailted thus il Y is occasionally 
used js a vowel, anrl then it sounds exactly the same aa tjie 
Spariisli 1 

11 sounds softei tluin in i^ti”h->h bota (boli-tah), boot , banco 
(brin-k-oli), bulk 

r*-iOUTids Uk( th III f'li’h h, bifoie e and t—icna (lliay-nah), 
tiUTipti , imlti (tbunlab), iibbrin It ii pioniiiincctl hard m 
fioiit of a, 0 , It, 01 nil uunouint casa (k.ih ssali), house, 
loco (koh-koh), cocna-nut ( nba (koo bah), Culw, lUro (Iday- 
inh), (.lurgy , cramui (kioli-ii''( -kah), rhroniclo , nccfso (ac-thay- 
ssoh), access 

D dull F sound as in English— dm (dee-ah), day, fuera (foo- 
ay-iah), outside 

G before a, o, it, or any consonant, is pioiiuiinced as m the 
English word good — ganai (gah nahr), to win , goina (goh-mah), 
gum , alguno (ahl-gou-noh), .somebody Before e or t, it has a 
trilling guttural sound, somewhat like a strong lynglisli h — 
ghiero (hay-nay-roh), merchandise * 

H IS always silent — hora (oli-rah), hour ; hablar (ah-blahr), 
to speak. 

CH soiUnds invariably as in the English w’ord chair — chocolate 
(choh-koh’lah-tay), chocolate 

J sounds like the Spanish g liefore e oi i — jornahs (hor-nah- 
layss), wages , judio (hoo-dee-oh), Jew, 

K sounds as in Engli .h — kwsKo (kee-oss-koh), kiosk, 
sounds as in EngUsli -labio (lah-bee-oh), lip 

LL so’uiids somewhat similar to the syllabic h in the English 
word pauihon — ll‘‘no (lyay-noh), full, lalle (kali-ly.iy) , street. 

M and N are sounded as in English — mesa (may-sah), table ; 
nuULa (noon-kah), never ' 

IS sounds somewhat like ni in the English words onion and 
pintOH—iOmpimla (kom-pah-ni a), company, siuiio (soo-ay-ni' 
oh), sleep. 

P .111(1 Q ail" pumoiiiitfii as m Enghdi — bresuhnte (piay-see- 
dayn lay}, preudoiil, qiuudo (k.ij -lee-i loh), dear. 

R IS pronouncetl as lu English, m the middle of a word, uivlC'® 
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iml'iodiatcly preceded by I, n, r, s, when it has a hard trilling ^ound 
— caro (kah-rah), expensive ; alrededores (ahl-ray-day_|j(,]j. 
rays), environs. At the beginning of a word it always sennrlc 
hard — fh (ree-oh), river. 

RR is always pronounced hard. 

S is pronounced like s in blast — sello (say-lyoh), stamp; 
(ayas-tahr), to be. 

T and V are pronounced as in English — tubo (too-boh), , 
vino (vce-iioh), wine. T is a little softer than in English. 

There is no W in the Spani.sh alphabet, 

X and y sound as in Engli.sh— mwHfM (eg-sah-mayn), exarnim. 
tioii ; yo (yoh), I ; cuyo (koo-yoh), whose. When .standing 
or a't the end of a word, y is a vowel, and is pi-oiiounced ee, 

Z must be pronounced like th in English — «<;«/ (ah-thool), jjjyg 
Tliere is only one graphic accent in Spanish ('), which indicates 
where the strcs.s is to be placed. Most Spanish words have the 
stress on the syllable before the last, unless the accent is some- 
where else — edntara (lo4hn-tah-rah), pitcher ; oantard (kahtj.i;a,h- 
T/lh), he will sing ; cantara (kahn-t^h-rah), he should, or might 
sing. The sign n, or tilde, is not an accent but part of a letter. 

Punctuation, Punctuation is the same as in English, wifh the 
exceptions that the mark of interrogation is placed belo\v the 
itw £ij s senfrsnre ja.od .is .reprahpd •sbat'i! 

the line at the end (?), and the mark of exclamation (|) is akc) used 
in the same way (!). 

The Articles. The Spanish language has two firtitles 

definite and indefinite. Both have two genders — masculine and 
feminine. There is, however, a neuter article which is only 
applied to pronouns and adjectives in order to convey an abstract 
idea in a definite manner. Masculine and feminine articles have 

two numbers — singular and plural. The neuter article }o 

(loh), the — has no plural. ^ 

DEFirfrTE Article 

Singular Plural 

Mas. — el (ayl), the •' los (lohss), the 

Fcm, — la (lali), the las (lahss), the 

Indefinite Article 
Singular Plural 

Mas. — un (oon), a, an nnos (oo-nohss), some 

Eeni. — una (oon-ah), a, an unas {oo-nahss), some 
Note : The article agrees in gender and number with its noun. 
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MAKCULlNh Noun 
FA lihro (loc-hroh) '[he bool: 

utj lihyo a [took 

/'(/V iVjrox ^I'l'c-brohRs) f£;<' hooks 

tinos hbros .‘)()rt\c' hooks 

.Sirtijh'trty ; FA pupel (pali-pny}/, t}ie paper ; (soh-bj'ay), 

the envelope. 


la I'.ay/n (kiilii'-|;ih) 
una ciiytii 

la^^Liivtiis (l'.ahi--lal\s;,) 
un(i‘. Kntd'i 


LMiNTN'i; Noun 
T ill; l('l.(cr 
a IctU r 
the liTlers 
.some IctUT.s 


Similarly ; la pneyta (pno-ayr-tali), llie door ; la mesa (iiiay- 
tihab), Uie table ; la pluynii (ploo-mali), the pea. 


ADjiiC'jiVE OR Pronoun 
io ma(o (mafi-toii| Evil 

lo hucHo (boo-ay-noh) Good 

h jutuvn (foo-too-ioh) The future 

lo ilesconoctdo {dayss-knh-noh- The unknown 
thee-doh) 

lo min (mee-oh) Mine, all that is mine 

Note, L q cetei;?, to the ladehalto s-nd rab'ht tcmslotM 
into English by ; that which is.” 


January 

February 

March 

April 

May 

June 

July < 

August 

Sejstember 

October 

November 

Decmnlicr 

tiiuiilny 
Mom lay 
'J'jjf.srJay 


Thk Months— Los ilESfes 
e)u:yo (a-nay-roh) 
febrero (fay-bray-roh) 
marzo (mahr'thoh) 
ahyU (afi-breeil 
mayo (mah-yoh) 
iumo {boo-nee-oh) 
julio (hno-lee-oh) 
agosto (ah-gohs»-toh) 
sephembte (.sayp-tec-aym-bray) 
(jtlubye (ok-too' bray) 
ttiwiemliye (nob-voo-ayni-bray) 
dineiiihye (dee-t bee-avni-bray) 

The Days— Lo.s Dias 
(lomiKgo (flob-meen-golz) 
lunes (ioo-nays) 
msrSes (mabr-taym} 
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imijjccliateiy preceded by I, n, r, s, when it has a hard {.rilling go-un^ 
—Luyo (kali-roh), expensive ; alrededores (alil-ray-day-doli- 
laya), environs. At the beginning of a word it always sounds 
hard — rio (ree-oh), river. 

RR is always pronounced hard. 

S is pronounced like s in blast — sello (say-lyoh), stamp; isiay-^ 
(ayss-tahr), to he. 

T and V are pronounced as in English — tvbo (too-boh), tube; 
inno (vcc-iioh), wine. T is a little softer than in English. 

There is no "W in the Spanish alphabet. 

X and Y sound as in English — exmien (eg-sah-mayn), examina- 
tion ; yo (yoh), I; cuyo (koo-yoh), whose. When standing a'loue 
or a.‘t the end of a word, y is a vowel, and is pronounced en. 

Z must be pronounced like th in English — a4iil (ah-thool), blue. 
Tliere is only one grapliic accent in Spanish ('), which indicates 
where the stress is to bu placed. Most Spanish words have the 
stress on the syllable before the last, unless the accent is some- 
where else — cdiitara (led lin-tah-rah), pitcher ; cantard (kahn-tah- 
r^dh), he will sing ; cantara (kalm-t/lh-rah), he should, or might 
sing. The sign n, or tilde, is not an accent but part of a letter. 

Punctuation, Punctuation is the same as in English, with the 
exceptions that the mark of interrogation is placed below the 
line (i) at -the beginning of a sentence and is repeated above 
the line at the end (?), and the mark of exclamation (l) is also used 
in the same way (1). 

The AillcSes. The Spanish language has two articles— 
definite and indefinite. Both have two genders — masculine and 
feminine. There is, however, a neuter article which is only 
applied to pronouns and adjectives in order to convey an abstract 
idea in a definite manner. Masculine and feminine article,? have 
two numbers — Singular and plural. The neuter article — lo 
(loh), the — has no plural. 

DefuSte Article 

Singular Plural 

Mas. — el (ayl), the ' los (lohss), the 

Fem , — la (lahj, the lets (lahss), the 

Indefinite Article 
Singular Plural 

Mas . — im (oon), a. an unos (oo-nohss), some 

Pem . — una (oon-ah), a, an iinas (oo-nahss), some 
Note ; The article agrees in gender and number with its nemn. 
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El tihiv (Icc-hroh) 
un hbro 

los libyos (If'f-brohss) 
linos lihros 


RUyCUMNl-. N()li\ 
Tlcj hook 
a hook 
till' hooks 
Some hooks 


Similarly : F.l l^iipel (iiah-payl), the paper ; el sobre (soh-bray), 
the cnvclopfi. 

Ih-MiNiNii Noun 

la ciivta (Iwihr-tah) The letter 

iinaitnld a lettei 

Ui':»(tiyCii:, (laihv-lahss) (he tettera 

unn-, iiiitfi't home letters < 

Similarly : la piterlu (poo-ayr-tah). the rlnor ; la mesa (may- 
ssah), the table ; Ut plutna (ploo-mah), the pen. 


ADjacTivii UR Pronoun 
lo muto (raah-loh) Evil 

lo biieiio (bno-ay-noh) Good 

lo jiitnrn (loo-too-roh) Tlie future 

lo rlesconocido (dayss-koli-iioh- The unknown 
thec-doh) 

lo mto (inee-oh) Mine, all that is mine 

Note ; Lo refers to the indefinite and might IJe translated 


into Engli.sh by ; 

" that which is.” 

Thk Months — L os Meses 

J anuary 

enero (a-nay-roh) 

February 

febrero (tay-bray-roiil 

March 

marzo (mahr-thoh) 

April 

ahril (ah-breel) 

May 

mayo (mah-yoh) 

June 

junio (hoo-nec-oh) 

Jaiy • 

julio fhoo-lee-oh) 

Aiigu.st 

agusio (ah-gohs.«-toh) 

September 

sepliembre i.sayp-tee-aym-bray) 

October 

uttuhre (ok'-toc»br,iyl 

November 

noviembre (noh-vee-aym-bray) 

Dei.einb(ir 

dll lenthye (dee-tliee-aym-bray) 
The Davs— l.os Dias 

Sunday 

domingo (doh-mcuu-Koh) 

iVVini lay 

limes (loo-nays) 

Tuesday 

mattes (inahr-tayss) 
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Wednesday 'murcoles (mee-ayr-lroh-layss) 

Thursday jveves (hoo-ay-vayss) 

Friday viernes (vee-ayr-nayss) 

Saturday sdhado (salr-bah-doh) 

Note : The iaonths of the year and days o£ the week do not 
take capitals in Spanish. 

<7 The Numbers — ^L os Numeros 

Note ; Accents are not put on capital letters in Spanish, 
lino (oo-noh) 7 siele (see-ay-tay) 

dos (dohas^ 8 ocho (oh-choh) 

ires (trayss) 9 nueve (noo-ay-vay) 

cuntro (icoo-ah-troh) lo diez (dee-ayth) 

cinco (theeti-koh) ii once (ohn-thay) 


1 

2 
3 
-t 

5 

6 seis (sayss) 


12 doce (doh-thay) 


a child im niiio (ncen-yoh) 

the house la casa (kah-sah) 

a chair met silica (seel-yah) 

the ink la linta (teen-tah) 

a pencil un IdpU lah-peeth) 

the rule la regia (ray-glah) 

the hat , el sombrero (sohm-bray-roh) 

a flower " ma flor (flohr) 

the tobacco el tcUiaco (tah-bah-koh) 

a wall una pared (pah-rayd) 

some pipes unas pipas (pee-pahss) 

some pictures unos cnadros (koo-ah-drohss) 

Note ; Casa preceded by the definite article means the house ; 
mthout the def. article. Home. 


Gender of Nouns. Nouns signifying dignities, callings and 
professions peculiar to men are masculine ; those identified witii 
women are feminine. 

Nearly all nouns ending vd’ a, d, idn, s are feminine ; those 
having other terminations ai'e masculine. 

Names of living beings are inasculine or feminine according to 
the sex they imply. Important exceptions to the rule are given 
in the vocabularies. 

Plural of Nouns. The plural is formed by adding s to all 
nouns ending in a, e, o ; and es to those ending in i, y, or any 
consonant. If the noun ends in z, the plural is formed by dropping 
the 2 and adding ces — nino, child ; ninos, children ; hombre, man ; 
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1 

hmnhrts, men ; hanckfa, tlaH . hnnderd^, ; 6oWii, huM.on J 
botones, buttons ; ycy, king reves, kings . lapis, pencil ; Idpices, 
pencils. 

Exercise I 

Write out the tlefmite articles corresponding to the following : 

I. madre (t.). 2. padre (ni ). 3. mesas (f.ph). 4. libroa 
(ni. pi.). 3, nifins (m. pi.) 6 rasa (f.). 7. sobrr (m.). S. silla.s 
(f.ph). 0 tiiita (I.) 10. hipi/ (m.). r I. regia (t.) la. somll'ero 

(ni ). 13, papeirs (rn, pi). 14 (lor (f.). 13 tabaco (m.). 16, 

li.ned (f.). 17. pip.is (f. fih). iS. cu.adros (m ph). 

TC.x'i- Rci.sr, TI 

Write nut the article appiujinate to each of the following 
nouns ; 

I. U’dm, ceiling, 2, sastre, tailor. 3. alqiiiler, rent. 4. pared, 
wall. 5. It'crion, les-,on. 6. papel, paper. 7. diano, newspaper, 
8. co^turera, scarabtress. 9. iicuidn, nation. 10. busion. walking- 

.stick. ii. /jffli!, peace. 12. cnadw, picture. 13. te men te, tien ten- 

ant. 14 fiinui, bed 15. huevo, egg. 16. caballo, liorse. 17. 
galltna, hen 18. nwdtsla, dressmaker. 

Form the plural of the following nouns : 

I, planta, plant 2. tintero, inkpot 3. tmi, train. 4. cofre, 

coffer. 5, rey, king. 6. davel, carnation. 7. pMro, dog. 8. 

jabali, wild boar. 9. iierra, land. 10. espanol, Spaniard, ii. 
niar, sea, 12. pez, fish. 13. mitelle, wharf 14, puebio, village. 
15 maieedn, embankment. 16. playa, shore. 17. perdiz, part- 
ridge. 18. relaj, watch. 


LESSON 2 

Some Peculiarities of Speech 

A ^ 

T he forms of address m comtnon use are listed and ustedes, 
which are contracted form.s of uupslra me reed (your 
honour), Usted is u.suall^ written Vd. or V , and ustedes 
abbreviated to Vds., or .simply Vs TA and vesotros are the 
ianuliar forms used between close triends, or in speaking to 
chiklrcn or animals I’lio feminine forma of Hosotros, vawtros, 
are HosoStas, etiukrn,';. 

^ Possessive Adjeolives, These are as tollovv : Sing., su, liis, 
her, its, your ; >m, my. I’hir., sm, their, your ; nuestro, our, 
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'\'_he familiar fd ’ms of the possessive adjective are tu, thy 
md'‘vuB:;tro, your. The same remarks apply to them as to tlio 
familiar forms of the personal pronouns. 

Possessive adjectives agree in number with the following 
noun. The plyral ia formed by adding 5 to the singular. Mi, 
tu, su have no gender. When the noun immediately following 
mesiro, vuestro, is feminine, these words must be changed to 
nwstra, vwastra. As su, stis stand for his, her, its, their, your it 
is necessai-y sometimes to add dc il (of him), de ella (of her), de 
ellos, de ellas (of them), de Vd., or de Vds. (of you), to make the 
meaning quite clear ; e.g. su casa de V. (your house). 

Exercise I. 


A friend 

Un amigo 

The theatre 

El tealyo 

The queen 

La reina 

The coffee-house 

El cafi 

The drawing-room 

La sola 

An invoice 

Una factum 

A bath 

U n bafto 

The draft 

El giro 

The dining-room 

El comedor 

A cheque 

Un cheque 

The kitchen 

La cocina 

The copy 

La copia 

An office 

U n despacho 

The sealing-wax 

El lucre 

A shop 

Una lienda 

The sister 

La hermana 

Translate ; i. 

Mi padre. 

3. Su Hbro (de 

Vd.). 3. Su 


Mpiz (de dl). 4. Tu silla. 5. Nuestro papel. 6. Su carta. 
7. Mis flor«;s. 8, Sus lecciones (de ellos). g. Vnestras pipas. 

10. Nuestros sombreros, ii. Su goma (de ella). 12. Mi sobre, 
13. Vuestra casa. 14. Tu modista. 15. Mis caballos. 16. Su 
baston (de dl). 17. Nuestro rey i8. Su perro (de ella)* 

Translate : i. Your office. 2, My drafts. 3. Our house. 
4. His sealing-wax. 5. My father. 6. Her dogs. 7. Their 
shops. 8. Your cheques. 9. Our queen, 10. Its dining-room, 

11. His stick. 12. Their letters. 13. Its copies. 14. Your 

invoice, ig. Her kitchen. 16- Our lessons. 17. Thy sister, 
18. Your (fam.) friends. - 

Personal Pronouns, Theserare as follovv : 


Singular 

Plural 

yo, I 

r nosotros, we 

id, thou 

vosotros, you 

listed, you 

ustedes, you 

dl, he 

ellos, they 

ella, she 

ellas, they (f.) 


The Article, When a feminine noun of two syllables begins 
with a stressed a or ha, the masculine form of the article must no 
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PECULIARITIES OF' SPEECH 

u&efl in the Siingular only, for the sake of eupi/ony —el agua„ the 
water ; la<i agiias, the ^vatcrs , el arwa, the weapon , las a, was, 
the weapons The prepositions de (of, fioin) and a (to, at) in 
front of the masculine article el are elided with the article^and 
liccome respectively del (de el) and al (a el)^del hombre, of 
the man , al cotreo, to the post-office 
Possessive Case, Ihcie is no possessive case in Spanish 
it follows, tlKieforc, that ‘cnlences like ' the man’s hat " iiSist 
he rendered by " the hat of the nun," el sennbreto del hombte ; 
"your friends' teacher’’ by "the teacher of your friends,” el 
j>rofesor dt sus amigos 

translation of "To Bo,” The verb "to bo" has two forms 
,tr awl tslar When used in spi akin" of the existence of 
physical oi moral iiualitics which aic mhorent in, or essential to, 
the lutiire of persons or thinps, nr when it marks the professions 
or callings of individuals, " to be ” must be translated by ser 
The passive voice of a verb, and the relation ot anything to its 
owner or holder, are also invariably oxpiessed by ser. 

When “ to be " implies a position, temporary action, or con- 
dition of a person or thing, or the existence of any accidental 
qualities, estar must be used It sometimes happens that the 
same word may express in Spanish a quality inherent or acci- 
dental , when this is the case, ser or estar must be selected accoid- 
ing to the meaning of the sentence 

„ PREsnNT Indicative or Ser 

Singular Plural 

yo soy, I am nosolros so-, nos, we are 

iii eres, thou art vosoii os sois, you are 

el, ella es, he, she, it, is ellos, ellas son, they are 

Present Indicative or Estar 
' Singular Plural 

1 0 estoy, I am ' nosotros estanios, we are 

tti eslds, thou art vosoltos estdis, you are 

el, ella esld, ho, she, it, is ’ ellos ellas esldn, they are 

As the polite forms of address Vd and Vds stand, as has been 
explained, toi " your honour." the verb must be used in the 
third por.-ioii, thus you aie (your honour is) Vd es , you (your 
honcHiiH) aie, Vds son In negative sentences, no (not) 
invai lably precedes the verb. Peisonal pronouns acting as sub- 
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'j'he familiar fc,-ms of the possessive adjective are tu, thy 
^^aA'vuesiro, your. The same remarks apply to them as to the 
familiar forms of the personal pronouns. 

rJssossive adjectives agree in number with the folio-wing 
noun. The plpral is lormed by adding s to the singular. Mi 
tu, Sit have no gender. When the noun immediately following 
Huestro, vueslro, is feminine, these words must be changed to 
nittatra, vnestra. As sm, stis stand for his, her, its, their, your it 
is necessary sometimes to add de il (of him), de ella (of her), de 
dlos, da ellas (of tliem), de Vd., or de Vde. (of you), to make the 
meaning quite clear : e.g. sm casa de V. (your house). 

Exercise I. 

A friend Un amigo The theatre El teatyo 

The queen La reina The coffee-house El cafe 

The drawing-room La sala An invoice Unaf^Qi^^n 

A bath Unbano The draft El giro 

The dining-room El comedor A cheque Un cheque 

The kitchen La cocina The copy La copia 

An office Un despacho The sealing-wax El here 

A shop Una tienda The sister La hermana 

Translate : i. Mi padre. 2. Su libro (de Vd,). 3, Su 
liipiz (de 41 ). 4. Tu silla. 5. Nnestro papel. 6. Su carta. 
7. Mis flores, 8. Sus lecciones (de ellos). 9. Vuestras pipas, 
10. Nuestros sombreros, n Su goma (de ella). 12. Mi sobre. 
13. Vuestra casa. 14. Tu modista. 13. Mis cabailos. i6. Su 
baston (de el). 17. Nuestro rey 18. Su perro (de ella)j- 
Translate : i. Your office. 2. My drafts. 3. Our house. 
4. His sealing-wax. 5. My father. 6. Her dogs. 7. Their 
shops. 8. Your cheques. 9. Our queen. 10. Its dining-.rooni, 
IL, His stick. 12. Their letters. 13. Its copies. 14. Your 
invoice. 15. Her kitchen. 16. Our lessons. 17. Thy sister. 
18. Your (fam.) friends. - ' 

Persona! Pronouns, Theserare as follow : 


Singular 

Plural 

yo, 1 

' nosoiros, we 

td, thou 

vosotros, you 

usted, you 

ustedes, you 

M, he 

ellos, they 

ella, she 

ellas, they (f.) 


The Article, When a feminine noun of two syllables begins 
with a stressed a or ha, the masculine form of the article m.ust^ba 
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* ) 
nsicd in the smgiilai only, for the sake of eupl/ony — el agua, the 
water, las agiias, the wateis el aima, the weapon , las a,mias, 
the' weapons The prepositions de (of, from) and a (to, at) in 
front of the masculine article el are elided with the article*and 
become respectively del (de el) and al (a el)-T-del homhre, of 
the man , al covyeo, to the post office 
Possessive Case, Iheie is no possessive case m Spanish 
it follows, tlurcfoie that sentences like the man’s hat n^isfc 
he rcndeied by ' the hat ot the man,” el sombyeeo del hombye , 
"your friends* teacher*’ by 'the teacher of your friends,'' el 
l>ynfisoy de sus arntgos 

Tianslation of " To Bo.” The verb " to be " has two forms 
- icy and cslay When used in spi ikiiig of the existence of 
physical or moral qualities winch aic inhoiciit in, or essential to, 
the nature of ptisoaa oi things, oi when it marks the professions 
01 callingh of individuals ' to be ” must be translated by ser 
1 he passive voice of a verb and the relation of anything to its 
owner or holder, are also in\ ariably expressed by sey 
'When ” to be ” implies a position, temporary action, or con- 
dition of a person or thing, or the existence of any accidental 
qualities, estay must be used It sometimes happens that the 
same word may express m Spanish a quality inherent or acci- 
dental , w hen this is the case, ser or estay must be sel^ted accord- 
ing to the meaning of the sentence 

, Present Indicative or Ser 

Singtday Plural 

yo soy, I am nosotros soinos, vve are 

tti eyes, thou art vosotros sois, you are 

el, ella es, he, she, it, is ellos, ellas son, they are 

Present Indicative or Estay 
Singular Plural 

VO esioy, I am * nosotros estamos, we are 

Iti estds, thou art vosotros estdis, you are 

M, ella esta, he, she, it, is ' ellos ellas estan, they are 

As the polite forms of address Vd and Vds stand, as has been 
evplamed, for ” your honour '' the veib nuist be used m the 
third pci son, thus you are (your honour is) Vd e$ , you (yout 
honoius) aiB, Vds son fn negative sentences, no (not) 
inv.iuably precedes the veib Personal pronouns acting as sub- 
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of a verb are ncaily alwav-? omittpfl unle';s by so doing the 
nitd'i'iing of Hie sentence would become ambiguous or the speaker 


wants particularly 
never omitted 

to emphasise 

them 1 he 

polite form is 

t 

ExLRCist II ON ‘ley 


Spaniard 

espahol 

bedroom 

dornnlono 

Englishman 


passengt r 

pasajero 

roTPiguei 

exhanisro 

station 

estaadti 

lawyer 

abogado 

building 

edtfioio 

office 

ojicina 

train 

Iren 

business 

uegocio 

tall 

alio 

business man 

comerctante 

Custom-house 

aduana 

uikle 

iio 

large 

grande 

owner 

dueiio 

blue 

and 

workman 

obrero 

that (one) 

ese 

physician 

medico 

of 

de 

clerk 

empleado 

all 

todos 

manager 

jefe 

who ? 

i qiiiin ? 

fiont of a house Jachada 

yes, SIT 

si seitor 

factory 

fabnea 

no sir 

no seiior 



very 

viuy 

Translate into English • i 

El es ingl 4 s 

2 ( Son Vds 


espanoles ? 3 Yo no soy abogado 4 Nosotros somos extran- 
]cros 3 ,1 Es ese mi tren ? 6 Nosotros somos empleados 7. 

11 Quien es el jefe ? 8 Vds no son los duenos de la fdbnca 9 Yo 
soy un pasajero de ese tren to La tachada de la aduatia es azul 
IX Su doimitono (de 41 ) es grande 12 Tu no eres alto 13. 
; Es Vd comerciante ? 14 Elios son extranjeros 

Tixanslate into Spanish i Arc you the manager of the 
office ? 2 No, sir I am not the manager I am a clerk 3 Who 
IS the lawyer of your fnend ^ 4 They are our wrorkmen 5 The 
factory is not very large 6 All his clerks are Englishmen 
7 You (plural) are not Spamards ? 8 Is he the owner of the 

business’ 9 We are not foreigners 10 Your ticket is blue 

12 Are you his uncle ’ 12 It that building the custom-house ? 

13 She IS (a) dressmaker 14 Who aie you ? 15 I am one of 
his clerks 

Exlrcise III ON &/ar 

Buenos Aites Buenos Aires London Londres 

Ihanics El 2 amesis m charge evuaigado 

New York Ntieta Yorh engaged empleado 
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sea-sick 

mareado 

but / 

pero 

ill 

anfermo 

with 

con 

tired 

cansado 

in, on 

an 

the platform 

el andhi 

already 

ya 

the garden 

el jardin 

near (to) , 

cerca de 

the trunk 

el haul 

far from 

lajos da 

the mine 

la tnnia 

at home 

an casa 

a hi earner 

tin iiupor 

neither am I 

Vo tampOc^ 

Madam 

la setiora 

to, on the left 

a la izqux&Yda 

a gentleman 

un Caballero 

to, on, the right 

a la derecfia 

well 

bien 

1 do not think so 

Creo qua tjQ 

n little 

un poco 

on board 

a bordo 

hero 

aqui 

the bay 

la bahla ' 

where 

ddnde 

Many thanks 

Muchas gPacias 

how 

cchiw 

not yet 

iodavia no 

now 

ahora 

for 

para 

Translate into English : 

I. 1 C6mo estd Vd. 

? 2. No estoy 


muy bien ; estoy m«y cansado 3. ,) D6nde esta el jefo ^Je la 
ostaclun ? 4, No esta aqui ; esta en el jardtn 5. Est-^mos 

ya en Londres ? 6. No, setiora , ahora estamos en DQy<jj.. 

7. )_ Esta Vd. cansado ? 8. No, senor ; i y Vd. ? 9, Yo tampoco ; 
muchas gracias. 10. Ddnde esta ella ? ii Ella estd en Nueva 
YnrJ? iuj pajirp /dp p.lla,! pjitd pji -Rnenns Airesy’ 12 y 
todos los baules a bordo ? 13. < Qiiidn esta en el jardin coa I03 
obreros ? 14. Mi amigo esta muy lejos de aquI ; esta empleado 
en las qiinas de Colombia. 15. ^ Esta enfermo ? 16. Creo que no. 

Translate into Spanish ; i. Are we in the factory alre^tjy p 
2. No. sir ; we are in the station, 3. Is this the platforpi for 
Madrid ? 4. No, sir ; the platform for Madrid is on the right, 
g. Who is in charge of the trunlcs ? 6. My uncle, but he i% not 
here yet. 7, How is he ? 3 . He is very well, thanks, 9. Is London 
near LJie coa.st ? 10. No ; it is on the Thames. 11. Where is the 
steamer for Montevideo ? 12. To;the left of the station, matgara. 

13, Are you ill ? 14. I am a little sea-sick, ig, Are we near the 
office ? 16. No : you (plural) are very far from it. 

Keys to Exercises in Lesson i 
I. i. la. 2. ol. 3. las. 4. los. 5. lo.s. 6. la. 7. el. 8. las. g, ja. 
10, el. II. la. 12. el. 13. los. 14. la. ig, el. 16. la, 17. las. 18. fos. 

H. I, el. 2. el. 3. el. 4. la. g. la. 6. el. 7. el. 
g^. la, lo. el. ii. la, i2. el. 13. el. 14. la. 15. el. 15, el. 
17. la. r8. la. 
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i.y plantas. 2. f tititeros, 3. trenes. 4, coEres. 5. reyeg. 
6. clkveles. 7. perros 8. jabalies. 9. tierras. 10. espanoles, 
II. mares. 12. peces. 13. mnelles. 14. pueblos. 15. male- 
cone's. 16. playas. 17. perdices. 18. relojes. 

r 

LESSON 3 

Adjectives and the Verb “to have” 


A njECTiVES generally follow the substantive.s to which they 
refer, and agree with them in gender and number. Ad- 
jectives ending in 0 become feminine by changing this 
final letter into a~~el plato bianco, the white plate ; la laza bUmca, 
the white cup. Tho.se ending in an, on, or signifying nationality 
and ending in a consonant, form their feminine by adding an 
a~icH muchacho hoigazati, a lazy boy ; una muchacha liolgasam, 
a lazy girl. All other adjectives have only one termination for 
both gender.s. 

The plural of adjectives is formed in the same manner as the 
plural of noun.s, by adding s or as according to their termination. 
An adjective- qualifying two or more words of difierent gender 
takes the masculine plniai form — ef cabalhro y la senora son 
espanoles, the gentleman and the lady are Spanish. 

The adjectives alguno, some ; btteno, good ; malo, bad ; 
ninguno, not any, none ; cualqutera, any, are contracted to 
alg'iin, bum, mal, ningim, and cualquter before a masculine 
singular noun — uh btten hmnbre, a good mam ; ningim cuadro, no 
picture. Cmlquieya is also contracted in front of a feminine 
singular noun — cualquier calle, any street. Grande, meaning great, 
is contracted to gran, and placed before the noun it qualifies— -im 
gran pintor, a great painter. 

Exercise I on Scr and Esiar. 

1. Avc you business men frbni Madrid ? 2, No ; I am (a) 

lawyer and my friends are physicians. 3. Ls the steamer in the 
bay I 4, No, .sir ; not yet. 5. Is that gentleman your father ? 
fj. No ; he is my uncle. 7, Are we near his tactory ? 8. No ; 
it is very far from here, 9. Where are iny trunks ? 10. They 
are on the platform, number five. ii. Are you sea-.9ick ? 12. Np, 
^anks ; I am vmy well. 13, Is the door of the dining-room in 

{584) 



ADJECT IVLf! AND “TO HAVI 

1 

the g.irdrn 14 No, it is now m the station fo the right of,, Jie 
booking-office 15 Are you (pluial) foreigners ? r6 Yes, fair , 
nc arc Spaniards 17 Wheie aic wc (fern) now ’> 18 You are 
in the custoni-hoii&e ig Is the clerk m the office ? ao Wo, 
irudam , he is on board the steamer Irom Valpaiaiso 


VocAiir T vRv 


the mouth 

cl me s 

the etnc hor 

el ancla (/) 

the iTlaiy 

el '^aiaiio 

the ship 

el huque 

lln Imil 

el am (/) 

till wing 

el ala (/) 

till lUighhniir 

el vei ino 

pionimciatlou 

pyonunctucidn 

11111’'! 1 

d hamhi, 

the 

el 0]0 

till lloiii 

la Jiaeiii t 

till soul 

el alma (/) 

a hir-gai 

mi unndigo 

a ji wel 

una joya 

the lin ad 

fl pan 

the iiec 

el arbol 

short 

CO! to 

small 

peqneno 

G< rnwn 

Aleman 

beautiful 

hermoso 

narrow 

estyecho 

immortal 

inmortal 

long 

largo 

the cigar 

el cigarro 

jiulite 

corlii, 

Italian 

llahano 

jolly 

alegre 

difficult 

difxi.ll 

the weather 

el tiempo 

hard 

duro 

loo 

deniasiado 

white 

hlanlo 


I do not understand — no comprendo 
Note The nouns marked feminine take for euphony the 
masculine definite article in the singular In the plural they take 
the defimte and indefinite article both feminine 

EjcERCESE II 

Translate i A clerk’s salary 2 The horses’ eyes 3 The 
Dcgi^ar's bread is hard 4 My neighbour's tree is too high 
5 Sian’s soul is immortal 6 The American flour is very good 
7 The streets are long and narrow ’S The bird's wings aie short 
and white g The Gciman ships anchor is too small 10 Hei 
sistf r's jewels an beautiful 11' The hiench biead is good 
ij Mv father and mother aie well 13 1 he house and the garden 
au huge 14 Youi Italian friend (ffiii) is veiv polite and jolly 
Comjiansion of Adjectives The conipauitive is formed by 
plauiif' HKiV (nioie) and ?>kkos (k js) 111 trout of the adjective— 
md^ bliinso, whiter, nttnu^ dtiro Uss hard The compaialivc 
founs of the adjertn «’s ptqiuiio, btieno, malo aie tnayoi, 
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we\r}r, niijar, peon These words have no gender, and they form 
the ylural in the usual manner. 

In comparisons of equal degree, " so-as ” and " so-much-as '' 
are •Iranslated by tan-cmio and lanto-como respectively. Tank 
being an adjeijtive, it agrees in gender and number with the 
following noun, “ Than " is translated by gue — el comedo? « 
mayor que la sola, the dining-room is larger than the drawing- 
roaro. Whenever " than " is followed in the English sentence by 
a verb, it is rendered in Spanish by de lo que — es mds rico de lo qus 
dice, he is richer than he says. 

Note, — " Mayor," bigger or larger, when referring to humans 
means older. The comparative " mas grande " is used when 
referring to physical size. 

Demonstrative adjectives and pronouns agree in gender and 
number with the nouns to which they relate. They are as follews •. 

Singular. Plural. 



M. 

F. 

N. 

M. 

F. 

This 

esle 

esia 

esto 

estos 

estas 

That 

ese 

esa 

eso 

esos 

esas 

That 

aquel 

aquella 

aquello 

aquellos 

aquellas 


The neuter forms have no plural. Esie denotes proximity ; ese, 
moderate dfotance, and aquel, remoteness (that yonder). 

'' Exercise III. 

I. This book is larger than that. 2. Is that the station ? 3. That 
stick is my brother’s, p These newspapers are Spanish. 5, I do 
not understand that. b. It is not that. 7, These cigars are better 
than those. 8. My brother is not so taU as you. g. This lesson is 
not so difficult, 10. Those houses are nearer than the factory, 

The Verb To Have. The verb to have may be translated either 
by tener or haber Tetter is used as an active verb denoting pos- 
session — yo tengo un sombrero, I have a hat. 

Haber is simply an auxiliary verb, and it can therefore never 
be used except before a past participle — yo he comprado un basldn, 
I have bought a stick, ^ 

Present Indicative of Tener. 

Singular. Plural, 

yo tengo, I have nosotros tenemos, we have 

lu tienes, thou Jiast vosotros teneis, you have 

il, ella, Vd. liene, he, she, ellos, ellas. Yds. tienen, they, you 
it has, you have have 
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I 

PuESGNT Indicativi, of Hniiev. 
Singular. Plural. 


yo he, I have 

noso/fos hemos 

we have 

tii has, thou hast 

vosiilros hahhs, 

you have 

M, dla, Vd. 

ha, he, she has. 

ellos ellas, Vds 

.than, they. 

you have 


have 



Vocahulary 


kiohing-glass 

espcjo 

bag 

malrla 

piano 

piano 

1 loots 

botas 

diess 

vi’stido 

pair 

par 

.siip;ai 

a: itrar 

loom 

t-iiarto 

sitiialioii 

th'Simo 

CMSlllOl 

camera 

maU'llcs 

fdsforos 

seen 

visto 

.uUhess 

dtmctdit 

Ictl 

diqado 

WllttC'U 

escrcto 

come 

uenido 

bouj'ht 

row prado 

gone 

iclo 

sold 

vendulo 

lost 

perdido 

received 

recibtdo 

to write 

Bsenbir 

found 

encontrado 

to sign 

jmnar 

to have to 

truer que 

to speak 

hablar 

who 

qmdn 

why 

por qtii 

as sooTi 

\o a»Us ^Dsibls Vi'ia't, wVvuJd 


possible 


enough 

bastante 


to be hungry, thirsty, cold, hot, lener hambrg, sed.frio, calor, 
sleepy, afraid, ashamed stieno, mieiio, vergilema. 

Exercise IV. 

Translate : i. I have a good looking-glass in my room. *• 
We have left our bags in the train 3. Are you thirsty ? 4. 

have you not gone to London ? 5. Have they found her 

dr.gsa '> 6. Has she enough sugar ? 7 We have no matchtJ® 

the ofticu. S. I have lost yoiii address g. Ho has a good situa- 
tion 111 Mexico (Mc-jico). 10 Have they come ? ii Have ^ to 
sign that paper ’ 12, You have^to vTite as soon as possibl®' 

Key to Exlrcisls in Lfsson a. 

T. I. My futlier 2. Yoiu book 3. His pencil. 4. Thy chair. 
3. Cur pripei 6. His, hei. your letter. 7 My flowers. 8 iheir 
k'byiiis. ij Your (pi.) pipes 10. Our hats ii. Her gum 
Iify envelope. 13 Youi house 14 Thy dressmaker. 15. 
hoises 16. His stick. 17. Our king. 18. Her dog. 
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i.nSu despacho (da Vd.). 2 . Mis giros. 3. Nuestra casa, 

S11 lucre (de 61). 5. Mi padre. 6. Sus perros (de ella). 7. Sus 

tiendas (de ellos). 8. Sus cheques (de Vd.). 9. Nuesti-a rcina, 

10. '’Su comedor. 11. Su baston (de 61). la, Sus cartasi 
ellos). 13. Suseopias, 14. Sufactura (de Vds.). 15. Su cocina (de 
ella). 16, Nuestras lecciones. 17. Tu hermana, 1 3. Tus amigos. 

II. I. He is (an) Englishman. 2. Are you Spaniards ? 3. 

I aQi not (a) lawyer. 4. We are foreigners. 5. Is that my train ? 

6, We are clerks. 7. Who is the manager ? 8. You (pi.) are not 

the owners of the factory. 9. I am a passenger in (of) that 
train. 10. The frontage of the custom-house i.s blue. ii. His 
bedroom is large, 12. Thou art not tall, 13, Are you (a) busi- 
ness'man ? 14. They are foreigners. 

I. i Es Vd, el jefe de la oficina ? 2. No, sefior, no soy el jefe ; 

soy im empleado. 3. { Quidn es el abogado de su amigo ? 4. 
Ellos son nuestros obreros. 5. La fdbrica no es muy grande. 6, 
Todos sus empleados son ingleses. 7. Vds. no son espanoles. 8, 

^ Es 61 el dueno del (de el) negocio ? 9. Nosotros no somoa extran- 
jeros. 10. Su biUete (de Vd.) es azul ii. i Es Vd. su tio (de 41) ? 

12. i Es ese edificio la aciuana ? 13, Ella es modista. 14, 
i Qiii4n es Vd. ? 13. Yo soy uno de sus empleados (do 41). 

III. r. How are you ? I am not very well ; I am very tired. 

3. Where is -the manager of the station (station master) ? 4. Ha 
is not here ; he is in the garden. 5. Are we in London already ? 
6. No, madam ; we are now in Dover, 7. Are you tired ? 8, 
No, sir ; and you ? 9. Neither am I ; many thanlcs. ic. Where 
is she ? II, She is in New York, but her father is in Buenos 
Aires. 12. Are all the trunks on board ? 13. Who is in the garden 
with the workmen ? 14. My fiiend is very far from here ; he is 

engaged in the mines of Colombia. 15. Is he ill ? 16. I do not 
think so. 

I. 4 Estamos ya en la fabrica ? 2 . No, sefior ; estamos en la 

estacion. 3. Es este el andC-n para Madrid ? 4. No, senor ; ol 
and4n para Madrid estd a la derecha. 5. Qui4n esta encargado 
de lo3 baules ? 6 . Mi tio ; peho no esta. aqui todavla. 7. i C6mo 

estd (41) ? 8. Estd muy bien, gracias 9. i Estd Londres cerca 

de la costa ? 10. No, esta en el Tdmesis. ii. ,1 Ddnde esta el 

vapor para Montevideo ? 12. A la izquierda de la estaci6n, 

sefiora. 13. I Estd Vd. enfermo ? 14. Estoy un poco mareado. 

15, i Estamos cerca de la oficina ? 16. No, Vds. estdn muy lejos 
(de ella). 


( 588 ) 



SPANISH! 


LESSON 4 


On Verbs and Pronouns 

T ite infinitives of all verbs end either in ar (first conjugation), 
er. or i> (second and third conjugations). The present 
participle or gerund of the first conjugation is formeS by 
changing the termination ar of the infinitive into ando ; and 
that of tlie second and third conjugations by changing the 
teianination cr, ir ot the oorrospouding infinitive.s into iendo. 
The present participle describes an action in a stale of progres- 
sion — hnhlar, to sjicak , hablatido, speaking ; comer, to eat ; 
comiendo, eating , abrir. to open ; abnendo, opening, " To bo ” 
in front of a present participle is always translated by estar. 


Vocabulary. 


to .sing 

canlar 

to thunder 

tronar 

to walls 

pasear 

to sign 

firmar 

to buy 

comprar 

to drink 

beber 

to sell 

vender 

to run 

correr 

to rain 

Hover 

to learn 

aprender 

to live 

viviv 

to print 

bn^riniir 

milk 

leche (f.) 

glass 

vaso 


Exercise I. 

Translate into Spanish : i. She is .singing, z. They are 
walking. 3. We are running. 4. They are selling. 5. I am 
leaniing Spanish. 6. It is thundering, 7. Are you (sing.) 
writing a letter to my friend ? 8. Where are they living now ? 
9. lie is opening the door. 

.,Past Participle. The past participle of all regular verbs is 
formed from the infinitive by changing its termination ar, er, 
iv into ado for the first conjugation, and into ido for the second 
and third conjugations — hablar, hablado, spoken ; comer, cornido, 
eaten : recibir. recibido, received. 


to change 
to arrange 
to reject 
to ask 


Vocabulary. 
ccunbiar to offer 

arreglar to grant 

reclicizar to read 

preguntar to lo.se 
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ofreccr 

coHceder 

leer 

perder 




SPANISH 4 


to'ask for 

pidir 

to go 

ir 

■mdney 

divero 

to come 

veniy 


o/erta 

name 

nombre 

year 

afio 

goods 

generos 

new 

' nuevo 

customer 

chenie 

report 

informe 

bank 

banco 

docks 

muelle 

partner 

socto 

libnus 

honificacidn 

particulars 

ieialles 

messenger 

morning 

mensajero 
la mahana 

manufacturer 

fabricante 


Note. — Muiiana by itself means tomorrow. La (ima) manajia 
the (a) morning. 


Exeecise II. 

Translate into Spanish ; i. She has changed her money. 2. 
they (fern.) have arranged the papers. 3. His partner has re- 
jected the offer. 4. Have you asked his name ? 5. We have 
not offered new goods this year. 6. The manufacturers have 
granted a bonus to their customers. 7. I have not read the 
report yet. 8, My friend has lost his situation. 9. Have you 
(pL) received the drafts ? 10. We (fern.) have asked for par- 

ticulars of the offer. 11. The clerk has gone to the post office, 
11. Yomt messenger has come late this morning. 


The Past Definite. The past definite is frequently translated 
by the compound tense — ^ ha visto Vd. su lihro ? did you see his 
book ? he esento una carta esta mahana, I wrote a lefeer this 
morning ; ha tdo al casino ante de las (before of the) doce, he went 
to the club before 12 o'clock. 

The personal object of a verb is always preceded by the 
preposition a — he encontrado a su pnmo, I have met his cousin. 

Relative and Interrogative Pronouns. Relative pronouns 
are those ■which relate to a previous word or phrase. When used 
in asking a question they are^ called interrogative, and are then 
written with an accent. 


who 

whose 

of, to, for, etc., 

whom 


Smgtdar. 

quien 

cuyo 

de, a, para, etc,, 
gmen 


Plural. 

qmenes 

cuyos 

de, a, para, etc., 
qiiienes 


These words have no gender, except cuyo which takes 'the genejet 
and number of the following noun — el autor cuyos libros he leido, 
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the author whose books I have read. ThJ relative prcftioun 
must always be expressed in Spanish, although in Englislf it is 
sometimes omitted. When whom does not follow a prepo^tioa 
it may be rendered by que — el empleado que han despedido, tha 
clerk (whom) they have di-smissed. ’ 

The relative pronoun who is generally tran.slated by que — el 
hombre que ha abierto la ptierla, the man who opened the door. 
But ~d'ho aftdr the verb to be is usually rendered by quien, quietus — 
i M Vd. quien ha enviado esta factiira ? i.s it you who have sent 
this invoice ? In phrases of this kind, who may also be translated 
by.#’/ que., la que, Ins que, las quo, according to the gender and 
numbiT of the subject of the sentence — yo soy M que ha dichg esQ, 
it i.s I who said that. 

VoCADirC.MtV. 


theatre 

Uairo 

staircase 

escalera 

it is I 

soy yo 

to knock 

Uamar 

last night 

anoche 

down.stairs 

abajo 

to dine 

cenar 

merchant 

corneroianfe 

to bring 

Iraer 

to smoke 

fiimar 

there 

ahl 

the whole 

toda la manana 

bank-note 

billele de banco 

morning 



Exercise III. » 

Translate into Spanish; i. Who is there? *2. It is I. 
3. WTio (pi.) went to the theatre last night ? 4. That is the 
merchant whose invoice we received this morning. 3. Whose 
pencil is* this (translate “ of whom is this pencil ”) ? 6. To whom 

h.ave you spoken on the staircase ? 7. For whom is that invoice ? 

8. The man (whom) we have seen in the street is the manager of 
the office, g. It is we who changed the bank-note. 10. Is it 
you who knocked at the door ? ii. No ; the man who knocked 
is 4lown.stairs. 12. With whom have you dined ? 13. I have 

not dined yet : I have been very busy the whole morning. 14. 
Who is smoking in the drawing-room ? 

The other inten'ogative and relative pronouns are as follow : 

Singular. Plural. 

which one ? ^ cual ? ^ males ? 

of wliich cuyo cuyos 

to, for, etc., a, para, etc., a, para, etc., 

which oital miales 

tiiat que 

what quS 
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Examplls ( (S'ual es su hbro ? which is his booh ? la carta 
cuya'-copta ha desapaf-rulo the letter the copy of which has 
disajipeared , la lalm que he firmado the bill that I have signed; 
^ Qua hillete > what ticket > 

The inteiiogative adjective iohich may be translated by qui— 
^ que palahra > which word ? The relative pronoun wkicli 13 
nearly always tianslated by que, except when it is dubitative— 
los ^hieros que Vd ha enviado, the goods which you have sent ; 
•no si dial es el niejor, I do not know which is the best 

It must be noted that the subject of a Spanish iclative seutencs 
is usually placed after the veib — las nohezas que ha Imido el vapor, 
the news which the steamer has brought Whenever which 
relates to a full previous sentence, it is rendered 111 Spanish by lo 
que or lo cual—ha dtcho que han llegado, lo dial no es verdacl, he 
has said that they have ainved, which is not true Who and 
which (relative) may sometimes be translated by el cual, la cml, 
los ouales, las cttales — hetnos comprado dos maqmnas de escnbtr, las 
cuales (or que) esian arnba we have bought two typewnteis, which 
are upstairs , he encontrado a su agente, el cual esta en Londres, I 
have met his agent, who is in London 
The words what a I and how ' in exclamations, are translated 
by / Que /-r-/ Que lashma > What a pity I / Que extraho I 
How Strang^' 


Vocabulary 


dictionary 

dtccionano 

box 

caqa 

to telegraph 

tclegrafiar 

lovely 

Undo 

strange 

extiaho 

cashiei 

cajero 

to communi- 

comuntcar 

to check 

comprobar 

cate 


to order 

pedir 

at once 

en el acto 

answer 

respuesta 


Exlrcise IV 

Translate into Spanish _i Which dictionaiy ? 2 Which 
drafts ^ 3 Which one have you brought ? 4 I have written 

the report I promised (tianslate, "which I have promised”). 
5. 1 do not know which ones he has 6 He has not telegraphed 
yet, which is very strange 7 We have ordered ten boxes, 
which have not anived yet 8 I have communicated the news 
^ io the cashiei, who has checked the accounts at once. 9 What 
tan answer I 10 How lovely I 
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Keys to Exercises in Li'.ssiN 3. 

(I) t. |i Son Vds. comorciantes de Madrid ? 2. No ; jjo soy 

abogado y mis amigos son medicos. 3. t Esta el vapor en la 
bahia ? 4. No, sefior ; lodavia no. 5. i E.s cse caball^to su 

padre (de Vd.) ? 6, No ; es mi tio. 7, i EstE^rnos cerca de sn 

fahrica ? 8. No ; esta niuy lejos de aqui. g. ; Donde e.stfln 

mis baule.s ? to. Estan en el anddn nuinero cinco, 11. i Est:i 
Vd. niareado } 12. No, gracia.s ; e.stoy miiy bien. 13. ,i^,sta 

la piicrtri del (de el) comedor on el jardin ? 14. No ; ahora esta 

en la estacidn, a la denicha de la taijuilla. 15. ,1 Son Vds. 
extranjeros ? 16. Si, si;ftor ; soinos espanole.s. 17. ^ Donde 
esUimos (nrisotras) ahora ? r8. Vds. estan en la aduana. 19. 

I Esta el empleado en la oficiria ? 20. No, sehora ; e.std a’bordo 

del vapor de Valparaiso. 

(II) I. El salariri de nn empleado. 2. Los ojos de los caballos. 

3. El [)an del mendigo esta duro. 4. El arbol do mi vccino es 
deiria.siado alto. 5, El alma del hombre es inmortal, 0. I-a 
hanna artiericana es muy buena. 7. Las calles son largas y 
estrechas, 8, Las ala.s de los pjijaros .son cortas y blanca.s. 9, 
El ancla del barco aleman es dema.siado pequeha. 10. Las 
Joyas de su hemiana (rle ella) son hermosas. ii. El pan trances 
es bueno. 12. Mi padre y mi madre estan bien. 13. La casa 
y el jardin son grandes. 14, Su amiga (de V.) itsuiana es muy " 
cortas y alegre. 

(III) i. Este libra es mas grande que aquel. 2. i Es esa la 
estacilsn ? 3. Ese bastdn es de mi hermano. 4. Estos peiiddicos 
son espaiioles. 5. No comprendo eso. 6. No es eso. 7. Estos 
ciganos son mejores que aquellos. 8. Mi hermano no es tan 
alto como V. 9. Esta Icccion no es tan dificil. 10. Esas casa.s 
estan mas cerca que la fabrica. 

(IV) I, Tengo un buen espejo en mi cuarto. 2. Hemos dejado 

riUestras maletas en cl Iren. 3. i Tiene V. serl ? 4. i For qu 4 

no ha ido V. a Londres ? 5. .^Han encontrado .su traje azul 
(de ella) ? 6. i Tiene (clla) bastaute aziicar ? 7. N(jsotros no 
tenemos fosforos en la oficina. '8. He perdido sn direccion (de 
V,). 9. El tiene im hiien destino en Mejico. lo. ^ Han venido 
(cllos) ? II, I Tengo f[iie finiiar eso papel ? 12, V. tiene que 
e.scribir !o antes posiblc. 
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LESSON 5 


How Verbs are Conjugated 


A ll Spanish verbs, as we have already noted, are limited 
to three conjugations, which are distinguished thus ; 
verbs ending in at belong to the first conjugation, those 
ending in er to the second, and those ending in ir to the third. 
Verbs may be regular or irregular, personal or impersonal, 
active or neuter, and reflexive. Regular verbs are those which 
in their conjugation follow the rules laid down for the model 
verb of their termination ; irregular verbs, therefore, are those 
which deviate from the regular form. Impersonal verbs are those 
verbs which can only be conjugated in the third person ; active 
verbs those which express an action transmissible to another person 
or object ; neuter verbs express an action or state that cannot 
be transmitted ; and a verb is reflexive when the subject is at 
the same time the object to whom the action is transmitted. 
The present indicative of all regular verbs of the first con- 
^ jugation, which have their termination in ar, is obtained by 
adding the terminations o, as, a, anios, dis, an to the stem. 
Compretr, to buy, may be taken as a model for the first conjugation. 

Present Indicative of Comprar 
Singular. Plural, 

comprr-o, I buy compr-umos, we buy 

cotnpr-as, thou buyest compr-dis, you buy 

compr-a, he, she buys, you buy compr-an, they, you buy 


Questions are formed in Spanish simply by putting the SJibjeot 
after the verb, and negative sentences by placing the adverb no 
in front of the verb, The English auxiliary verb to do is never 
tran.slated. ' 


to use 
to advise 
to draw 
I'tp travel 
,,to Work 


Vocabulary, 



to employ 

empleav 

avisar 

to sign. 

firmar 

girar 

to take 

tomar 

viajar 

to accept 

aceptar 

trabajar 

at sight 

a la vista 
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■secretary 
ted 
colfee 
\v inter 


secretano 

U 

cafi! 

tnvieyno 
thank you 


the hour 
tennt. 
daily 
tin. milk 
gracias 


la hoi a 
condicione^ 
dim laments 
la leche 


E\i licisr I 

1 UANSL/VTi' INTO Spanish i I use laige envelopes ^ 
fnin 1 crnploja two seivants 3 We do not advise (to) our 
customers 4 Does the seiielaiy sign all (the) cheques? 
’) [iuv do not diaw at sic,iit 6 Do all the clciks speak 
SpHiiisli ? 7 Ho docs not travel in wintei S They do not 
a< < t. pt our It nils 9 Do they woi k many liours (1 iily ? 10 Do 

you t iki tea 01 coffee? 11 I tiki coffi e with milk thank you 


The present indiiative of all ic^iilii vetbs of the second 
conjugitiori which teiimnate in er is foimcd by adding to the 
stem the terminations o, es, e emos, Sis, en Bebsy, to drink, 
IS a model for this conjugation 


PRLSf MI luoic iTtvt or Beier 
Singular Plural 

bib 0, I drink beb emos ne dunk 

heb es, thou drinkest beb us, you drink 

beb e, he, she drinks you dnnk beb en, they, you Sunk 


VoCABUr \RY 


to learn 

uprender 

to believe 

oreer 

to run 

correr 

to answer 

Yes ponder 

to eat 

comer 

to fear 

temer 

to sell 

vender 

to owe 

deber 

to promise 

prometer 

fast 

de pnsa 

foreign 

extianjero 

the quarter 

el trimistre 

the language 

el idionia 

to understand 

compiender 

shopkeeper 

iendcro 

^explanation 

explicacidn 


the consequences las consecuencias 


LXERtllSF II 

TRAYULAri. iNio Spanish i He learns loieign languages 
2 Tint lior-jp runs scry fast 3 Do you cat much bread ^ 
4 ! he shopl^l eper din s not sell much now 5 Do tin y not imdei 
stiml your explanation ? 6 I believe they arc not English 

7 Why do they not answer ? S Because they feai the con- 
scqueiiw s 9 I do not ptoimsc that 
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J.OJ! present inclf'.ative of all regular verbs of the thircf con- 
jugation, which terminate in ir. is tormecl by adding tn the stem 
the terminations o, es, e, tnios, is, en. Cumphr, to lulfit. may be 
takei? as a model 

Present Indicative of Cumplir. 

Singular Plural. 

cwHp-o, I fulfil cumpl-mws, we fulfil 

cmnpl-es, thou fulfiHest cumpl-is, you fulfil 

cumpUe, he, she fulfils, you fulfil cumpl-m, they, you fulfil 


Vocabulary. 


to livp 

vivir 

to admit 

admitir 

to receive 

yecibir 

to discuss 

discutir 

to go up 

siibir 

to decide 

decidir 

to attend 

asistir 

to supply 

suriir 

seldom 

raramenle 

the price 

el precio 

spring 

prtmavera 

promises 

promesas 

several 

vanas 

money 

dinero 

the firm 

la casa 

European 

europeo 

to distribute 

repartir 

the meeting 

la reuni 6 n 


every week 

todas las semanas 



Exercise III. 

Translate into Spanish, r. He does not live here now. 
3. Do you receive news from America every week ? 3. Why 

do they not admit children ? 4. We do not discuss that. 

5. The prices very seldom go up in the spring. 6. What do 

you decide ? 7. She never fulfils her promises. 8. Who 

distributes the money ? 9. We supply several European firms, 

lo. I do not attend (to) all their meetings. 

Keys to the Exercises in Lesson 4. 

(I) . 1, (Ella) estd cantandv. 2. Estan andando. 3. Estainos 

corriendo. 4. EstAn vendiendo. 5. Estoy aprendiendo espafiol. 

6. Esta tronando. 7. j Esti Wd escribiendo una carta a mi 

amigo ? 8. ; Ddnde estan viviendo ahora ? 9. Esta abriendo 

la puerta. 

(II) . I. (Ella)hacambiadosudmero. 2. (Ellas) han arreglado 
lott papeles. 3. Su socio ha techazado ia oferta. 4. i Ha 
weguatado Vd su nombre ? 5. No hemos oirecido gAneros 
liuevos este afto. 6, Los fabricantes han concedido una boiiifica- 
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cWn a SU3 clientes. 7. No he Icido el inlorijae todavui. fi. ivu 
amigo ha perdido su destine. 0. i Han rccibido Yds lo^ giros 
del banco ? 10. (Nosotras) hemos peclido detalles de la oferia. 

II. El empleado ha ido al correo. 12. Su mensajero (do 'W) ha 
venido tarde esta manana. , 

(III) . I. I Quidn esta ahl ? 2. Soy yo. 3. j Quidnos fueron 

al teatro anoche ? 4. Esc es el comerciante, cuyo factura 

hemos recibido esta manana. 5. ^ De q,ui(in es este Idipiz ? 
6. j A qnidn ha hablado Vd eu la cscalera ? 7- i Para quidn 
es eaa factura ? S. El hombre que hemos visto en la calle es el 
jefe de la oficina. 9. Nosotros somos los que hemo.s cambiado el 
billete de banco. 10. ^ Es Vd quidn ha llamado a la puerta ? 
11. No; el hombre que ha llamado esta abajo. 12. ^ Coii'quidn 
ha ceriado Vd ? 13. No he ecnado todavla ; he cstado ocupado 

toda la inaiiana. 14. ^ Qnidn esta iiimando on la sala ? 

(IV) . I, i Cu41 diccionariri ? 2. ^ Que giros ? 3. i Cufil ha 

traido Vd ? 4, He escrito el informe que he prometido. 5. Vo 

no s6 cuales tiene. 6. No ha telcgrafiado todavla, lo cual es 
muy extraho, 7. Hemos pedido diez cajas, las cuales no han 
Uegado todavia. 8. He comunicado las noticias al cajero, el 
cual ha comprobado las cuentas en el acto. 9. | Qu6 respuesta ! 
10, I Qu4 Undo I 

LESSON 6 

Possessive Pronouns and More About 
Verbs 

T he relative superlative is fonned by putting el mas, la mds 
(the most), in front of the positive adjective ; el mds alto, 

. the highest ; el mds negfo, the blackest. A superlative 
of inferiority is obtained in a similar manner by using el menos, 
la menos (the least) : el menos rdpido, the least quick. 

The absolute superlative, whith in English is made with the 
adverbs very, most, extremely, is formed in Spanish by placing 
may before the positive adjective, or by affixing to it the termina- 
tions Isimo, Isirna. ishnos, isimas, according to the gender and 
number of the noun it qualifies : fdcil, may fdcil, fddUsimo, 
easy, very easy, most, extremely easy. If the adjective ends iij, 
1 vowel, the terminations are affixed after dropping the final 

( 597 ) 



^SPANISH 6 


vowijl ; grande, muy grande, gmiidisimo, large, very ''large 
extr^ely large. Adjectives ending in co. go, Me, z, change those 
letters into qu, gu, bil, and c, before affixing the superlative 
ternRnations : notable, notabilisimo, notable, very notable 
Among imp 9 rtant superlatives irregularly formed are the 
following; fuerk (strong), foriisimo , hueno (good), bowlsimot 
nuevo (new), novistmo : fiel (faithful), fidelisimo ; sabio (wise), 
safmnHsvmo. Soma adjectives have an irregular absolute 
superlative, besides that ending in isimo. The chief are : bwno 
(good), dptimo ; malo (bad), pisimo : grande (large), maximal 
pequeno (small), rninimo ; alto (high), supremo; ba]o (low), 
infimo. 

Possessive Pronouns. The possessive pronouns are as follow ; 

Singular. Plural, 

rrvto, mine nuestro, ours 

tuyo, thine vuestro, yours 

suyo, his, hers, yours suyo, theirs, yours 

Possessive pronouns agree in gender and number with the 
substantive to which they relate, and are preceded by the definite 
articles el, la, las, las el ha traido s-us cartas, pero yo he olviiado 
las mias ; he has brought his letters, but I have forgotten mine. 
In sentences formed with the verb to be, meaning to belong to, 
* the words eZ la, los, las, are omitted ; esa caja no es nuestya ; 
that box is not ours. When the possessive pronouns are preceded 
in English by of, this preposition, as well as the article, is omitted 
in Spanish l im lihro suyo (de ella) ; a book of hers, r. 

The possessive adjectives my. his, your, and so on, are some- 
times translated by the possessive pronouns, and then placed 
after the noun they qualify in order to empha.sise their meanings ; 
eso no es deber mio ; that is not my duty. As in the case of the 
possessive adjectives, de il, de ella, de Vd., and so on should 
sometimes be used instead of suyo, suya, and the like, for the 
sake of clearness 

Imperfect Indicative. We can now pass to consider the 
imperfect indicative of both irregular and regular verbs. 

Impekfecx Indicative of Ser. 

Singular. Plural, 

era, 1 was gramos, we were 

tliou wert erais, you were 

tra, he, she was, you were eran, they, you were 
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Imperfect Indicative of Eftar. 

Singular, Plural, 

esiuha, I was esldbamos, we were 

sstabas, thou wert cslabais, you were 

estaba, he, she was, you were eslaban, they, you were 
The imperfect indicative can also be translated I used to be, 
and so on. 

Sentences formed with was, were, and a present participl# are 
sometimes literally translated. In all phrases of this kind, to be 
must always be rendered by eslar, not ser, as the sentence then 
conveys the idea of what was being done at the time of reference 
orfly ; thus : she was singing, estaba can, undo. 

Impukfect Indicative of Tcner. 

Singular. Plural, 

tenia, I had (enlamos, we had 

tenlas, thou hadst lenlais, you had 

tenia, ho. she, you had tenia, i, they, you had 

Imperfect Indicative of Haber. 

Singular. Plural, 

habla, I had habiumos, we had 

hablas, thou hadst hablais, you had 

habia, he, she, you had habian, they, you h^^l 


Vocabulary. 


expensive 

caro 

short 

corio 

e.xercisfe 

tema 

difficult 

diflcil 

phi’ase 

fraSB 

easy 

fdcil 

to affirm 

afirmay 

happy 

feliz 

to think 

creer 

neither — nor 

ni — ni 

or 

Q 

mistake 

equivocaeidn 


I do not know no sd. 

Exercise I, 

Translate into Spanish ; i. Whose hat is this ? 2. Mine, 

3, Have j'ou sold his good.s or mine ? 4. I have neither sold 

his nor yours. 5. Is your house more expensive than ours ? 
6. I do not know, but I think ours is more expensive. 7. Her 
exeicisBs are the shortest, but tliey are most difficult. How are 
you3.s ? 8. Mine are easier than hers, 9, He is not my friend, 

10. A phrase of his. 11, They are extremely happy. 12, Thev 
cfffirm those nii.stalccs are not Iheins. 
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The 'first conjugf^ion verbs form the imperfect indicative by 
adding to the stem the terminations aba, abas, aba, dbamos, 
abais, aban. Verbs of the second and third conjugations add the 
termination fa, ias, ia, iamos, iais, ian. 


Imperfect Indicauive of Comprar. 
Singular. Plural, 

compr-aba, 1 was compr-dbamos , we were 

com^r-abas, buying, etc. compr-abais, buying, etc. 

compr-aba compr-aban 


Vocabulary. 


to change 

cambiar 

to govern 

gobernar 

to hicPe 

ocultar 

to fight 

luchar 

to hire 

alquilar 

to spend 

gastar 

to snow 

nevar 

key 

Have (f.) 

motor-car 

automdvil 

estate 

hacienda 

absent 

ausente 

top 

cumbre (f.) 

mountain 

moniana 

while 

mientras 

at home 

en casa 

soldier 

soldado 

to administer 

adniinistrar 

to help 

ayudar 

a great deal of 

mucho 

advertisement 

anuncio 


Exercise II. 

Translate into Spanish : i. He used to change all his 
banknotes at the post-office. 2. She used to hide the key, 
3. I used to hire a motor-car every morning. 4. They ^jsed to 
administer the estate while the owner was absent. 5. The soldiers 
were fighting on the top of the mountain. 6. The old firm used 
to spend a great deal of money in advertisements. 7. I was not 
at home that day. 8. It had been snowing the whole morning. 


Imperfect Indicative of Beber. 
Singular. Plural. 


heb-ia, I was 


ueb-iamos, we were 

beb-ias, drinking, etc. 

beb-iais, drinking, etc. 

heb-ia 


heb-ian 




Vocabulary. 


to dine 

cower 

to do 

hacer 

to run 

correr 

to light 

encender 

to sell 

vender 

to sew 

coser 

wark 

irabajo 

continent 

continenie 
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POSSESSIVE PRONOUNS* AND VERBS 


low bajo pncc $ precto 

fire Juego young -joven 

to read leer to ram Hover 

EXERCIhL III 

iRANSi.ATE INTO SPANiE>n I I uscd to clme my English 
frjends 2 Hib horse used to run more than mine 3 She used 
to do my work when I was on the Continent ^ Was it you who 
w as knocking at the door ? 5 Who used to light the fire in ^oiir 

loom ? 6 They used to sell at lowei prices 7 She used to 

SLu a gieat deal when she was young 8 We used to lead when 
it lias raining 

Impfriict InDicArivK or Ciimplir. 

Singular Pbiral 

cnnipl-ta, I was cumpl-iamoi, we were 

eumpl-ias fulfilling, etc. cmnpi-iais fullilling, etc. 

ownpl-ia cumpUian 


Vocabulary 


to write 

escnbtr 

to sleep 

ciotmr 

to open 

ahur 

to distribute 

dislribmr 

to live 

vtvir 

to come 

vemr 

to correct 

eorrsgir 

neaiiy 


camp 

campantento 

window 

vethana 

protits 

gananctas 

among 

enlve 

mail 

correo 

near 

cerca 

river * 

no 

early 

temprano 

at that tircie 

entonces 

exercises 

temas 


bookkeeper 

lenedor de hbros 



at daybreak 

al amaneoer 



shareholders 

accionistas 



teacher 

profesor 



Excrcistt IV 

Trarslaie into Spanish 1 We used to write nearly ail 
their letters 2 The soldiens used to sleep in the camp 3 He 
used to open all the windows 4 They used to distubute the 
prolits among the sharehoklers 5 We wcie living near the 
river 6 Who was the bookkeeper at that time > 7 They had 

no agents in Pans 8 She used to come veiy early p. The 
tcaclur ined to coriect his exercises 10 Wo used to leccive 
this mail at daybreak. 
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KjtYS TO Exercises in Lesson 5. 

(iy I . (Yo) uso sobres grandes. 2. Mi amigo eraplea dos criadoa. 

3. (Nosotros) DO avisamos a nuestros clientes. 4. ^ Firma el 

seciOtario todos los cheques ? 5. No giran a la vista. 6. 
I Hablan todos los empleados espafiol ? 7. No viaja en cl 
invierao. 8. No aceptan nuestras condiciones. 9. i Trabajan 
muchas horas diariamente ? 10. i Toma Vd. t6 o cal6 ? n, 

To^do cafd con leche, gracias. 

(II) I. Aprende idiomas extranjeros. 2. Ese caballo corre 
muy de prisa (or, better, mucho). 3. ,1 Come Vd. mucho pan ? 

4. El teiidero no vende mucho abora. 5. i No comprendeti su 

explicacidn (de Vd) ? 6. Creo quo no son ingleses. 7. ||'Por 

qud'no contestan ? 8. Porque temen las consecuencias. 9, Yo 
no prometo eso. 

(III) I. No vive acqul ahora. 2. Recibe Vd, noticias de 

Amdrica todas las semanas ? 3- i Por que no admiten niflos ? 
4. No discutimos eso. 5. Los prccios suben muy raremente en 
la pritnavera. 6. i Qud decide Vd. ? 7. Nunca cumple sus 

promesas. 8. i Quidn reparte el dinero ? 9. Surtimos a varias 
casas europeas. 10. No asisto a todas sus reuniones. 


r LESSON 7 

r 

Another Lesson on Pronouns 

c 

W E now pass to the future indicative of regular verbs, 
which is formed by adding to the infinitive of each 
conjugation the terminations 6 , ds, d, emos, dis, an. 
The terminations which form the imperative mood are given in 
the next Lesson. ^ 

Future Indicatives^ of the Verb Comprar. 

Singular. Plural. 

cofHprar-i, I shall buy • comprar-emos, we shall buy 
comprar-As poniprar-eis 

comprar-a comprar-dn 

Similarly : 

Second Conjugation; beber-A, beber-ds, etc., I shall drink. 
Third Conjugation : cumpHr-i, cumplir-As, etc., I shall fulfil. 
The future indicative of ser and estar, being regular, is fortned 
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in tile same way : ser-d, ser-ds, etc-, I shall b") ; estar-d, estpr-rls, 
etc., I shall be. 

Haber and lener form their future by affixing the above ter- 
minations to habr- and tench- : habr-d, habr-ds, etc., I shall nave ; 
tendr-i, tendr-ds, etc., I shall have. 


Vocabulary. 


to hand over 

enhegiir 

receipt 

reel ho 

to cancel 

cmiceUir 

account 

cuenfa 

io iiiifiort 

miporiar 

tool 

herramienia 

to see 

ver 

traveller 

viajantg 

to stup 

enibarcar 

time 

iiempo 

to build 

comhuir 

cattle 

gavado ' 

to issue 

emilir 

Government 

Gnbiernc) 

to mature 

veneer 

road 

carretera 

to translate 

Inidiicir 

bridge 

piiente 

to learn 

aprender 

one thousand 

ml 

share 

accidn 

December 

Diciembre 

documents 

dacumentos 

then 

enionces 


United States Esiados Unidos 

railway company companta de ferrocarnles 

bill (of exchange) letm {de camh'io) 

next month, et mes que viene (lit the month whicji is coming), 

Exercise i. 

Trai’SLATE into Spanish, i. He will hand over the receipts. 
2. They will not cancel their account until the spring. 3. Will 
you import all the tools from the Uui‘'od States ? 4. We shall 

not see the traveller this year. 5. Our agents will ship the cattle 
as soon as possible, 6, The Government will build new bridges 
and roads. 7, The railway company wll issue one thousand 
sMkres- 8. Will you be there very early ? 9, The bill will mature 
in December. 10. Who will translate those German documents ? 
ri. I shall have more time next month. 

Cases of Personal Pronouns,* The dative and accusative 
cases of personal pronouns have two forms, one of which is never 
preceded by a preposition, and the other always. Roth forms 
arc sometimes used in the same sentence (i) to increase the 
emphasis oi the direct or indirect object of the verb, or (2) to 
iwoid ambiguity when the pronouns happen to bo the same for 
both genders, as is the case vvitfi the third person. The singl^ 
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form must always used ; the form with a can only be emjiloyed 
■- in connexion with the other , but never by itself. These forms are ; 

Dalive. Accusative. 

me, do me >wfi. a mi me, a mi 

thee, to thee te, a ti te, a ti 

him, to him ' l&, o, M le, lo, a SI 

her, to her le, a ella la, a ella 

us, US }tos, Q, nosotvos nos, a nosotyos 

you, to you os, a vosotros os, a vosotros 

them, to them les, a ellos los, a ellos 

them, to them (f.) les, a ellos las, a ellas 

The other cases of the declension of personal pronouns 'are 
formed by the words mi, it, 61, ella, nosotros {as), vosotros (as), 
ellos, ellas, preceded by the corresponding prepositions as in 
English : de mi, from me ; contra ellos, against them. " With 
me,” " with thee" are always translated by conmigo, contigo ; 
" with him," “ with her " are sometimes tendered by consigo. 
Position of Pronouns, The pronouns me, te, le, lo, la, nos, 
os, les, los, las, called Conjunctive Personal Pronouns, are usually 
placed in front of the verb whose object they are : yo lo envidio, 
I envy him. 

The pronouns corresponding to the polite forms, Vd, Vds, are 
those of the^^third person, the masculine or feminine forms being 
used according to the sex and number of the person or persons 
addressed ; yo le he hablado a Vd, I have spoken to you ; el las 
ha visto a Vds, he has seen you (fern. pL). A Vd, a Vfls must 
always be added after the verb for the sake of clearness As all 
Spanish nouns are either masculine or feminine, the pronoun 
" it" and its plural " them " must be rendered by the words 
corresponding to " him,” " her," " them,” according to the 
gender and number of the substantive they stand for : yo lo 
tengo, have it ; ella las contpraba, she used to buy them (fpm.jc 
When two pronouns occur yj a sentence as direct and indirect 
objects of the same verb, the indirect (dative) is invariably placed 
in front of the direct (accusative), and both precede the verb : 
61 me lo da, he gives it to me. 

When both pronouns belong to the third person, se is used 
instead of tlie dative, le, les. for the sake of euphony : yo se lo he 
enviado, I have sent it to him. 

The word " it," meaning " that," is invariably translated by 
'‘lo ; yo se lo he explicado, I have explained it to him. ' 
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Whfen a M, a ella, etc., are used in order to^make the iifeaning 
of a sentence quite clear, these words are generally placed *after^ 
the verb : se lo hemos pugado a ella, we have paid it to her 
In negative sentences personal pronouns are placed be^veen 
the negative and the verb ; yo no los veo ahora, 1 do not soo 
them now. * 

When one or two pronouns are used in connexion with an 
infinitive or present participle, they form one word with the '^rb, 
to which they are affixed without altering the stress ; escribirhs, 
to write to them ; ojyeciendomelo, offering it to mo. Although 
the pronouns may also be affixed to other ten.ses, this construction 
is hilly met with in literature, never in ordinary conversation ; 
prestdbaselo [a cllos) con frccucncia, he used to lend it to them often. 


VoCAliULARY. 


to bring 

Iraey 

to explain 

explicar 

to know 

saber 

to work 

irabajar 

to send 

enviar 

news 

noticias 

to check 

comprobar 

for 

para 

to wish 

desear 

every day 

todas los dias 

to give 

dar 

where from ? 

5> de dbnde ? 

to lend 

prestar 

mother • 

madre 

to speak 

hablar 

policeman 

poltcia 

to keep 

guanlar 

at once 

enseguida 


every other day, cada dos dias 


Exercise II. 

Translate into Spanish, i. We have no new.s from him. 
3. Is that ietter for me ? 3. He had it (f.). 4. Why have you not 

hrough t them ? 5. She did not know it. 6. When will you send 

us the account ? 7. I shall ship them at once. 8. The manager 
is*ivrHing to him, not to them. 9. Will the Government build 
it ? 10. They used to check theij (f.) every other day, ii. We 

wish to see him. 12, Where do you import them from ? 13. You 

used to give it to her, but not*to him. 14. Who has lent it 
to you ? 15. Her mother will not see her next month. 16. Wc 

were speaking to them. 17. Was it you who used to hand them 
over to them every day ? 18. Will they keep the shares or will 

they sell them ? ig. His friend used to work with me. 20. It 
wilt be easier to translate it hiare, 21. The policeman w:'*! 
explaining it to me. 
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Hoxu’S of thr Pay, These are expressed by plaSng tha 
feminitiG article la in front of the word una for " one o'cloclc •’ 
and las in front of the cardinal numbers corresponding to the 
otTior hours. Una, and not tino, 13 used, because the omitted 
word hoya is feminine but none of the other cardinal luiiiibers 
have gender : las ocho, eight o’clock In sentences expressing 
time " it is,” " it was," " it will be," and so on, are invariably 
mdeied by es, era, serd, and so on, in front of la una, and sojt 
eran, serdn, and so on, before any of the other hours 

" Past ” is mvaiiabiy translated by y (and), and " to ” by 
menos (less) : las sets menos cuario, a quarter to six ; las doce y 
omrto, a quarter past twelve , las dos y media, half-past ^wo ; 
las~tyes menos dies, ten minutes to three. 

The cardinal numbers up to twelve are given in page 578. 
13, trees 14, catorce. 15, qmuce. 16, dieciseis. 17. diecisiete, 
18, diectocho. 19, dtecinueve. 20, veinle 


Vocabulary. 


quarter 

cuarto 

half 

media 

minute 

minuto 

fast 

adelantado 

slow 

atrasado 

always 

stempre 

sharp 

en punio 

to end 

acabar 

week 

semana 

to teU 

dear 

watch 

reloj 

pei formance 

funetdn 

the time 

la hora 

day 

dia 

can you ? 

y piiede V f 

soon alter 

poco despuis 


■with pleasure, con tmtcho gusto 

what time is it ? y que hora es ? 

the station clock, et relo) de la estacidn 


Exercise III. 

Translate into Spanish, i. Five o’clock. 2. Ten o’clock. 
3. A quarter to two. 4. Half-past one. 5 It was five minutes to 
eleven. 6. It will be then three o’clock, 7 Sixteen minutes to 
ten. 8. What time is it ? 9. It is four o’clock, 10. My watch 
is five minutes fast. 11, The-^tation clock is always slow. 12 . 1 
shall be there at ten o’clock sharp. 13, A -w'eek has seven days, 
and a year -twelve months. 14. Is it one o’clock already? 
15. Not yet. 16. At what time is dinner ? 17. Soon after seven. 

18. At what time will the performance end ? 19. At eight o’clock 

sharp, 20, Can you tell me the time ? 21. With pleasure; it 
is ten to ten. 
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Keys to Exercises in LrssoN«6 

(I) I i! De qui^n cs cste sombreio '> 2 Mio 3 i Ha 
vendido V sus g^neros o los nuos ? 4 No he vendido ni los 
suyos III los de V 5 ^ Es sii rasa (de V ) nias card hi 
nuestra 5 6 No s6 peio creo que la nuestr^i es cansimi 
7 Sus temas sou los mSs uortos peio sou dificilfsimos ^ Cdmo 
son los de V ? 8 Los miosson mas faciles quo los suyos 9 No 
es diTiigo miQ 10 Una frase suya ii Son fehclsimos ^2 
Afirmaii quo esas equivocaciones no son suyas 

( II ) l Cambiabd todos sus billotes en el correo 2 Escondla 
la Have 3 Alquilaba iin automdvil lodas las rnafianas 4 
Admuustiaban la hacienda niieutras el dueno estaba auscntc 

5 Los soldados eslaban lucliando en 1 v cuuibrc de la rnontJna 

6 La antigua casa gastaha nmcho dincio en aiuinrios 7 No 
estaba en casa ese dla 8 Habia cstado ntvando toda la 
maiiana 

(III) I Conila con mis amigos ingloscs 2 Su caballo 
corrla mas que el mIo 3 Ella hacia mi trabajo cuando yo estaba 
en el Contmente 4 ; Era V dl que llaniaba a la pueita ’ 
5 I Quidn encendia el luego en su cuaito (de V ) ? 6 Vendlan 
a precios m^s bajos 7 Cosia mucho cuando eia joven 8 
Lelamos cuando llovia 

(IV) I Escnblamos casi todas sus cartas z 1**03 soldados 
dormlan en el campamcnto 3 Abila todas las ventanas 
4 Distnbulan las ganancias entre los accionistas 5 Viviamos 
cerca de 4 rlo 6 i QuiAn era el tenedor de libros entonces ^ 

7 No teman agentes en Pans 8 Venia muy temprano 9 El 
profesor corregia sus temas 10 Reciblamos el correo al 
amanecer. 


LESSON 8 

Adverbs and the Iiliperative Mood 

T he imperative mood is formed by adding the terminations e, 
emos, en to the stem of all regular veibs of the lust con 
jugation, and a, amos, «» to the stem of those of the 
second and third conjugations In the third persons, “ let ' 
13 jisually rendered by qiie "Him,” "her," "them," "us,' 
arts hardly ever translated but the polite form is very sekloin 
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r ^ 

omitted. The, crjnibers in brackets (i), (j). (3), indicate the 
conjvigalions. 


Imperative 

Singulaf. 

(1) compf-e Vdi buy 

que compr-e, let him or her 
buy 

(2) '”6e6-fl Vd, drink 

que beb-a, let him or her 
drink 

(3) cumpl-a Vd, fulfil 

o«e ciimpl-a, let him or her 
fulfil 


Mood. 

Phiral, 

compr-emos, let us buy. 

compr-en Vds, buy 

que compr-en, let them buy, 

beb-amoi, let us drink 

beb-dn Vds, dnnk 

que beb-an, let them drink, 

cumpl-amos, let us fulfil 

cumpl-an Vds, fulfil, 

que cumpl-an, let them fulfil. 


The familiar forms are ; compra, comprad ; bebe, bebed ; 
cunipk, cumplid. The negative impei-ative of the singular 
familiar form presents the anomaly of having a different ending 
from the positive ; «o compres, do not buy ; «o bebas, do not 
drink : >10 ctimplas, do not fulfil. 


The Verbs Ser, Estar amd Tener, 
Imperative Mood. 


..Singular. 

sea Vd, be 
qite sea 

esU Vd, be 
que esU 

ienga Vd, have 
iertgtt 


Plural. 

seamos, let us be 
sean Vds 
que sean 

estemos, let us be 
ssldii Vds 
que esUn 

tengamos, let us have 
tengan Vds 
que tengan 


In positive sentences the Object pronouns lollow the impera- 
tive, but in negative phrases they are placed in front of the 
verb : comprimoslos, let us buy them ; no lo beba Vd, do not 
drink it. When the indirect pronoun se is affixed to the first 
person plural of the imperative the final s of the verb should be 
omitted : enviStnoselo, let us send it to her. 

When the word " let ” means " permit,” it must be rendered 
by the imperative mood of the verb dejar : iijela Vd escribir, 
[et her write. In such sentences the second verb is frequently 
( 608 ) 



ADVERBS & THE IMPERATIVE MOOD 

d • 

used in the corresponding person of the imperative i l^ehs 
Vd que hablen, iet them speak. 

Please is rendered by haga Vd el favor de (lit,, Do me the 
favonr of). The verb follorving the preposition de must be in 
e infinitive : haga Vd et favor de darme aquel^obre, please give 
me that envelope 


to sing 

to ask 

debt 

I'c^dy 

cal)Io 

word 

per month 
so fast 
to type 

how much ? 
free on board 
doiJar 


camar 
fregiintar 
deuda 
lislo 
cable 
palabra 
al mes 
Ian de prisa 
escvibir a 
mdqiiina 
I cvdnio f 
franco a bordo 
peso 


» u<..AtIUj:,AKY. 


to wait for 

esperar 

to practise 

practical 

to forget 

olvidar 

to pardon 

perdonm 

to excuse 

dispensay. 

good-bye 

adids 

by heart 

de memona 

confidence 

confianea 

cab-rank 

parada de 


caches 

relation 

pmente 

the nearest 

la mds prdxzma 

impatient 

impaciente 


Dira cosa ; for tlie 


present, pot ahora. 

Note La mds prdxmia is the fern, form, lie mase is et 
mas prdxwic. and the neuter is lo mds ptdrima. 

* Exercise i. 

Vrl o I- Guarddmosia. 2. V&idaselos 

4 Ncselopreste Vd 

f' No lo compre Vd en esa tiendA 9. 
Mavfe, 12. Perddneme Vd (orvTpZLp' 

irnpSSr irSowfcg i“t7lZZefr 


To explain, Bxplicav 
check, compYobay 
shut, cmay 
tljiuk, peyisay 
try, pYohay 


Singular. Plural. 
exphqiiB exphquemos 

eompruebe comprobemos 

cierre cenemos 

piense pensetnos 

pruebe prohernos 

{ 609 ) 



SI'ANISH 8 



Singulay, 

Pluyal 

look fdr, iniscay 

husqtie 

busquemos 

pay, P,ag(i> 

pague 

paguemos 

begin, comeneay 

comience 

comencemos 

bring, truer 

traiga 

iyaigamos 

do, hacer 

haga 

haganias 

know, saher 

sepa 

sepatnos 

put, 'fionar 

ponga 

pongamos 

come back, volver 

vttelva 

volvamos 

see, ver 

vea 

Veamos 

go. jr 

vaya 

vayamos 

come, veniy 

venga 

■ vengamos 

repeat, yepetiy 

repita 

repilamos 

tell, deeiy 

diga 

digamos 

go out, saliy 

saiga 

salgamos 

hear, oiy 

Olga 

oigamos 

order, pediy 

pida 

pidanios 

choose, elegiy 

elija 

elijanros 

translate, (faducir 

iraduzca 

iradvtrcamos 


Exercise li. 

Tra-nslaxe^ Into Spanish ; i. Bring it to me. 2. Let us sell 
them to her.' 3. Excuse me, where is the nearest cab-rank ? 
4. Ask (it) a policeman. 5, Do not let us order them yet. 6, 
Why not ? 7. Because we have .something else to do for the 
present. 8. Please type those two letters. 9. Let him go out. 
10. Do not come before seven o’clock, n. Please put this glass 
on my table. 12. Let them pay their debts. 13. Choose one. 

Adverbs, Adverbs may be simple, derivative, or compound. 
Simple adverbs consist of a single word, as a^ites, before ; despuds, 
afterwards. Derivative adverbs, which are formed in English 
by affixing the termination " ly " to the adjective, are formed'’in 
Spanish by adding me^nte to fhe feminine form of the radical 
adjective ; vdpido, quick ; r&ptdamente, quickly. When the 
adjective has only one termination for both genders, mente is 
affecd to this ending : Mbil, clever ; habilmente, cleverly. 
Compound adverbs ars^omposed of two or more words ; a pesay 
de, in spite of ; sin embdygo, however. 

When several adverbs follow one another in the same sentence, 
‘mente is only added to the last ; enirgim peyo noblemente, firmjy 
but nobly. 
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A?though the position of the adverb in a septenee is. to a qertain 
extent quite optional, it generally follows the verb : vivia e^itonc'is 
en Londres, he was then living in London. 

When the negative wonls ni, neither, nor ; m>igmo,*ncinti ; 
nacUe, nobody ; nuiguna parte, nowhere ; minca, janid^, never ; 
nada, nothing, follow the verb, the adverb of negation ho snn.st 
be placed in front of the latter. When those words [)recedc the 
verb, W is not icquired ; no te esenbo nttnea, or nnnea It-, e^nlw, 
I lUivci write to him; no viene nadie a ojrecmwslas nlwra, 
or uadie ineno a ofrecernosta^: ahoru, nobody conies to oiler them 
to us now 


'Ihc follovving 

inipoit.int advi'ihs 

should be 

ineiiioni'.cd : 

down 

ahajii 

(li> 11 

L'lUtimss 

peihap'i 

acti vo 

oulsido 

jitau 

lit'hides 

udtmns 

today 

ItilV 

suniewhat 

algo 

ni-vor 

ponds 

then; 

alh 

fai 

kjos 

scarcely, hardly 

api nas 

afti.i wards 

luego 

here 

arjitl 

badly 

mill 

up 

arnha 

tomorrow 

manuna 

yesterday 

ayer 

le.'S 

me nos 

enough, rather 

buitiuile 

much 

i-liiiicho 

well 

bu'it 

wry 

'muy 

almost 

cast 

never 

nuiiea 

near 

cerca 

little 

paco 

bow, a 3 

como 

pertiaps 

qiiuds 

when 

cuando 

seldom 

romnienk 

beneath 

debajo 

always 

siempre 

in front 

delanle 

late 

tarde 

within 

dentro 

perhaps 

tal vBs 

afterwards 

despuds 

so 

Ian 

beliind 

detvds 

early 

tenipniHo 

above 

encima 

already 

ya 

opposite 

enjrnite , 

still, yet 

todiivla 


Exr ueibi Ilf. 

Tr.AKsr.vTE into Spaxish : i. Please send us the goods free 
on boaul. a, How imuh used you lo pay ? 3. Fifteen dollar.'j 
per iiiuntii. 4 Wlien wiii be explain it to them ? 5. ile has 

already explained it to tliem. 6. Wait fur me outside. 7. I.loe.'i, 
your partner know Spaiiibii ? b. Very little, but he is studying 
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it now." g. Does be practise with you sometimes ? lo,* No ■ 
never tries to speah with me. ii. I used to speak it rather 
well, Out I have almost forgotten it. 12. Will you go to the 
theateee tonight ? 13. I do not think so ; they always arrive too 
late. 14. Please tell me how you pronounce that word, 15. 
With much pleasure. 16. Where shall I see you afterwards ? 
17. 1 will be here within (of) an hour. 

n? Keys to Exercises in Lesson 7, 

(I) . 1. EntregarA los recibos, 2. No cancelardn su cuenta 

hasta la primavera, 3. i ImportarA Vd todas las herraniientaa 
de los Eatados Unidos ? 4. No veremos al viajante este afio. 
5. Nuestros agentes embarcaran el ganado lo antes posible, *6, 
El Gdbierno construird nuevos puentes y carreteraa. 7. La com- 
paRia de ferrocarriles cmitird mil acciones. 8. Estard Vd 
alii muy temprano ? 9. La letra vencerd en Diciembre. 10. 

I Quidn Iraducird esos documentos alemanes ? ii. Tendrd mds 
tiempo el mos que viene. 

(II) I. No tenemos noticias de dl. 2. ^ Es esa carta para mi ? 

3. La tenia (La tenia ^). 4. ^ For qud no los ha traido Vd ? 

5. Ella no lo sabla. 6. l Cudndo nos enviard Vd la cuenta ? 

7. Lo.s embarcard enseguida. 8, El jefe eatd escribidndole a 
61, no a ellos. 9. 1 Lo construird e! Gobierno ? 10. Las compro- 
baban cada Cos dlas. ii. Deseamos verlo. 12. De ddnde Jos 
importa Vd ? 13. Vd se lo daba a ella pero no a 61. 14. ^ Qui6n 
38 lo ha prestado a Vd ? 15. Su madre no la verd el mes que viene. 
16. Estdbamos hablandoles 17. i Era V, 61 que se los entregaba 
todos los dias ? 18. Guardardn las acciones o las veuderdn ? 

19. Su amigo trabajaba conmigo. 20. Serd mds fdcil traducirlo 
aqui. 21. El policia estaba expliedndomelo (or me lo estaba 
explicando), 

(III) . I. Las cinco- 2. Las diez, 3. Las dos menos cuarto, 

4. La una y media. 5. Etaii las once menos cinco (mii^utei). 

6. Serdn entonces las tres. 7* Las diez menos dieciseis. 8. 

i Qu6 hora es ? 9. Son las cuatro. ro. Mi reloj estd cinco minutos 
adelanlado, n. £1 reloj de larestacidn estd siempre atrasado. 
3 2. Estar6 alii a las diez en punto. 13. Una semana tiene siete 
dias y im aflo doce meses. 14. i Es ya la una ? 15. Todavla no. 
16. I A qu6 hora es la comida ? 17. Poco despu6s de las siete. 

18. i A qu6 hora terminard la funcidn ? 19. A las ocho en punto. 

20. i Puede Vd decirme la hora ? 21. Con mucho gusto ; son 
lag diez menos diez. 
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LESSON 9 


A Lesson on Numbers 

I 

T he past flcfinite of reguLai verbs is foimecl by adrling to 
tlio .stem of verb.« of the first conjugation the tergniia- 
tions, ante, 4 , amos, asteis, aron ; anrl to the stems of 
verbs of tfiy second and third conjugations the terminatiniri 
i, isle, id ww], vAsis, tcroii. 


Pasi l)M-iNnj5. 
Soti’vlar. 


i bought 

I drank 

1 fulfilled 

compr-i 

beb-i 

cmnpl-l 

compr-uste 

heh-iste 

cimipl-isie 

cotnpr-d 

bvb-id 

cumpl-id 


Plural. 


compr-atnos 

beb-i>nos 

tumpl-imos 

conipr-asteis 

beb-isteii 

cumpi-isteis 

cow pr -aron 

heb-ieron 

cumpl-ieron 




The past defmites of (i) ser, (2) estar, (3) tener. and (4) h(t}iei 
are irregularly formed, and run as follow : 


Singular. 


(l) I was 

(2) I was 

(3) I had 

(4) I had 

ful 

estuve 

time 

httbe 

fiiisie 

estmisie 

tuviste 

hubiste 

(ui 

estmo 

tuvo 

hubo 


Plural. 


fumos 

estminios 

tiamnos 

hithimos 

fuinteis 

esiiivisteis 

Im islets 

hubisteis 

ftiernn 

estuvieron 

tuvieron 

hubieroH 


VOCAIIULAKY 


to cost 

costar 

all 

todo 

to take 

lomar 

the last 

ei ultimo 

to greet 

sahitiar 

contraiTor 

iTiit/taiisla bn.) 

to agree 

aconlar 

Chubtiius 

Pvsiua 
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to travel ’^najar 
, to last duvat 
regiment regitmento 
about yespecto a 
torlrcsa ^ fortalem 
according to segiin 
by stoim pof asalto 
a couple o£ un par de 
how long ? 
later than ever 
a return ticket 
in the middle ot 
to cast anchor 
aa tar as 


the night la noche 

a journey un viajB 

bay bahia 

battle baialla 

soon after pooo despuds 

the wharf el mualle 

a song una cana 6 n 

at least par lo menos 

i Ludnio hempo f 
mds tarde que nunca 
un btlleie de ida y mielia 
en medio de 
anclar 
hasta 


Exercise I. 

Translate into Spanish i. Did you understand the song ? 
2 No : she sang in Italian that night. 3. We waited at least 
two hours. At what time did the train arrive ? 4. Later than 

ever. Nearly at halt-past eight. 5. How much did the journey 
cost you ? 6. I took a return ticket, which is much cheaper. 
jj. When did the contractors begin to build the wharf ? 8. I 

think they b^an soon after Christmas 9. Did you check all 
the invoices? 10. No; I had no time to check them all. n.Did 
it rain ? 12. Only in the evening. 13. Did they wait at home ? 

14. No ; they went out to greet him, 15 Where did the steamer 
cast anchor ? 16, In the middle of the bay. 17. I do not 

understand why they did not answer my telegram at once. 


Cardinal Numbers. 

These numbers 

are as 

follow ; 

0 

cero 

II 

once 

22 

vemlidos 

I 

utio 

12 

doce 

23 

veinlitres, efc. 

2 

dos 

13 

trece ' 

30 

treinta 

3 

Ires 

14 

calorce 

31 

treinta y uno 

4 

cuairo 

15 

quincd 

32 

trexnta y dos 

5 

cinco 

16 

dieciseis 

33 

tnenta y ires, etc, 

6 

seis 

17 

dtectsiele 

40 

cuareiita 

7 

sieta 

18 

diecwcho 

50 

cincuenta 

8 

echo 

19 

dieemueve 

60 

sesenta 

9 

nmve 

20 

veinte 

70 

setenta 

to 

dies 

21 

veinlitino 

80 

ochenta 
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go 

noventa 

^00 

setecientos 

100 

cien, ciento 

Soo 

ochocientos 

lOI 

ciento nno 

goo 

novecienlos 

102 

ciento das, etc. 

I,OOQ 

mil « 

200 

doscienlas 

2,000 

dos mil, etc. 

300 

Irescienlos 

100,000’ 

demnil 

400 

cuatroctentos 

1,000,000 

un nnll&n 

500 

(juinienlos 

2,000,000 

dos millon^s 

600 

seisoienlos 

100,000,000 

cien mdlones 


The cardinal numbers have no gender except unn and dosctmtos, 
i?i‘sct(’iiios, otc., which chaiijje the (iiial o into a before a feminine 
substantive. (tos Uhros, two botjlcft ; das casux, two housoj ; but 
di\^cwnlos soldadns, 7.00 soldiers ; doscienlas enfeynteras, 200 
nunscf). 

Ihio and ciento in front of a noun or adjective are contracted 
to un and cien rc.sr)ectlvely — tin peso, one dollar ; den caballos 
blancos, one hundred white horses. 

Tens of hundreds cannot be u.sed in reading Spanish figures. 
Therefore the numbers 1100, 1200. 1300, etc., must be invariably 
rendered by mil ciento, mil doseten/os, mil trescientos, etc. 

The preposition de is always added to thehvord mill 6 n and its 
plural millcmes when the substantive immediatejj’ follows — dos* 
millones de francos, 2,000,000 franc.s. Before ciento and mil the 
word ten i.s never used, but 1,000,000 is invariably read as un 
milldti, 

The age of a person is expressed by " to have years,” instead of 
“ to be old." The question " How old is she ? " is therefore 
rendered by " i Cndnlos ados tiene ella ? " (literally, " How many 
years has she ? ”) " She is twenty-two ” .should be translated 
accordingly by " Ttene veinlidos anos." The question may also 
La pqt in this manner ; " Qiid edad. tiene ^ ” (lit,, " WUat age 
has she ? ”). 


Voc.VtUI.MtY. 

to connnaud niandar killed 

a shilling tin ckelin wounded 

to amount ascender prisoner 

the page la pdgina customs 

to discover dcsciibrir the area 

a pound itna libra Columbus 

( ‘iiS ) 


nnierio 

herido 

prisionero 

aduanas 

el area (f.) 

Colon 
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to ktitnate cajc^ulav 
tbc mine la mtna 
a gun un candn 

a<Erigate una Jragata 
annual anuod 

production pyoduccidn 
a case of sugar 
land surface 
net receipt 
square mile 


the enemy el eneWiigo 

the losses las haja^ 

a ship un huque 

Europe Europa 
between entye 

equivalent eqmvalente 
mia caja de azucaf 
siipsyficte terfitoyial 
ingreso Hquido 
mtlla cuadmda 


Exercise II. 

Translate into Spanish, i. Twenty ships. 2. Fifty^^hree 
shillings. 3, Seventy-nine pages. 4. Forty-five cases of sugar 
3 One hundred and seven pounds. 6. Three hundred and sixty- 
five days, 7, Six hundred and thirteen trees, 8. How olq jg ]je 
now ? g. He is seventy-five years old. At (trans, at the) 
three years of age he commanded a frigate of eighty-four guns, 
10, What age were (imperfect) you then ? ii. I was fifteen years 
old. 12, In 1700 Davenant estimated the annual production 
of all the mines of England (at) between seven and eighi hvmdred 
thousand pounds. '13. The area of Canada is 3,510,000 ^uare 
'liile.s. which i^^early equivalent to the land surface of 
14. The enemy’s losses were 1050 men killed, 1700 woundeq, and 
2500 prisoners. 15. In 1844 receipt of the CustOjus at 

(trans, ds) Liverpool amounted tO;^4,365,526 is. 8d. ,, 

Ordinal Numbers. The ordinal numbers agree in gendcj- and 
number with the following noun and are as follow : 

1st primero 13th dScimo teycio 

2nd segundo 14th dicimo cuarto, etc. 

3rd Urmro 2otb vxgisimo 

4th cuayto 2 1st vigisimo primo 

5th quinto r 22nd vigesimo segundo 

6th sexlo 30th trigisimo 

7th siptimo ' 40th cuadragismo 

8th octavo 50th quinouagisimo 

pth noveno, nono 60th sexagdsimo 

loth diamo 70th septuaghimo 

iTth unddeimo 80th octagdsxmo 

13th duoddeimo 90th nonag dsimo 

looth centdsimo. 



ON NUMBER,S 

Aft?ir " the tenth,” cardinal numbers .^re generally used 
iiistc-acl of the ordmal numbers — el lomo quince, the fifteenth, 
volume , el tapilulo hernia the thirtieth chapter 

Ihe days of the month, which in English are express’*?! by 
ordinals, are rendered in Spanish by the con esponding cardinal 
numbers, with the only exception of " the hr-st, ’ which is nearly 
always translated by el pumero — el ly de Lneio, the 17th (lit 
seventeen) of January , el 8 Junto, the 8th of June m 

Ordinals may be placed before or after tfie noun they qualify, 
hut the cardinal numbers must ahvay'S follow the substantive ; 
thus, the seeond lesson, la segunda lecctdn, 01 la lecciAn segimda, 
hut " the a5tU lesson ” imist be reiidtred by la leccuht ueinticinco, 

WhfiKvcr (h( nui->(ii!in( ordin.il numlieis prinu eo and Cetcero 
lUe pi icf d in front uf the mastnliiie noun the liiial 0 rnusf be 
diopped— ef pumey capltulo, the lust chaptei, but el tapilulo 
prtHitro 

With the names of kings, popes, and the like the ordinals 
iiuist be used up to the loth Beyond this iiguie the cardinal 
numberti aio commonly employed and the aiticle is mvanably 
omitted , thus, Edward VII, Edtiurdo SCptmo , Alphonse XIII, 
Al/omo Tteci 

Fractions. "One half" and "one third" ate* respectively 
tendered by la niiiad 01 un medio, and un tereio From J up to 
fractional numbers are expressed by ordinals, but beyond the 
termincJtions avo, avos must be affixed to the corresponding 
cardinal numbers, dos quintos, g- , cinco caloiceauos, , un 
remliHueveavo, The decimal units 001, 0001, 00001, and 
so on, aie rendered by una cenlinma, tma nnUsima, una dtezimldsi- 
nia , Ires nnldsimas, 003 

ybe„most important numerical substantives and adjectives are 


the following, 
a couple 

un par 

tourfold 

cuddruplo 

ton 

una deuna 

fivefold 

cjuinluph 

a dosen 

una docena 

sixfold 

sdxtuplo 

a tlionsand 

un miliar 

tenfold 

dccuplo 

double 

doble 

hundredfohl 

untuplo 

thieefold 

in plr 

manifold 

multiple 

a bundled, una cenhna 01 un centenar 


Noie g, 6 , 10, and 100 fold take the feminine gender also 
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Vocabulary. 


to land 

desembarcar 

the class 

la class 

to be Dorn 

nacer 

a building 

un edificio 

to asRsnd 

ascender 

the floor 

el piso 

to expire 

expimr 

the library 

la biblioteca 

to contain 

‘ coniener 

a volume 

un toina 

to remain 

permanecer 

chapter 

un capUulo 

same- 

misfsio 

the wife 

la esposa 

exclusive 

Bxchmvo 

the date 

la fecha 

Spain 

Espafia 

a port 

un Puerto 

England 

Inglaterya 

the tonnage 

el arqueo 

Italy 

Italia 

a ton 

una tonelada 

Charles 

Carlos 

the vessel 

el borco 

the king 

el rey 

stationary 

estacionario 

the pope 

el papa 

the right 

el derecho 

the throne 

el trono 

a quarter 

un cuarto 

a kingdom 

un reino 

per 

por 

the reign 

el reinado 

an inch 

una pulgada 

a century 

un sigh 

at the close 

ad final 

foot 

pie 

the birth 

el nacimiento 


the New World el Nuevo Mundo 


without rechoiiing sin contar 

the birthday el cumphanos 

the population la poblacidn 

the rate la pyoporoicn 

an eraperoi %n emperador 

the inhabitant el habitante ' 

not a single provincial town w una sola ciudad provincima 

Exercise III. 

Translate into Spanish, i. He smokes a couple,nf pipes 
after dinner, z, I used to travel (in) third class. 3. They we 
living now on the fifth floor of the same building, 4. I read it in 
the first chapter. 5. Did you lend him tlie zoth volume of the 
Spanish library ? 6. We landed at Valparaiso on the zist of 
December (of), 1S79. 7. His wife was born on the 6th of January, 

18S6, 8. August the 30th will be her first son's birthday, 9, 

What date is today ? 10. The 19th of February, ii, Philip III 
ascended (to) the throne of Spain in 1598, 12, In 1493 the Pope 

Alexander VI granted to the Catholic Idnga exclusive rights over 
the New World, 13. The Emperor Charles V expired (oii) 
( 618) 
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the ?ist oi September, 1558. at the age of sS^years 6 montj^is ant 
25 days. 14. At the close of the 17th century the population fj, 
England was {era) 5,200,000 souls. 15. The tonnage of the 
steamers of the port of London amounted, at the close o* 1854, 
to 138,000 tons, without reckoning vessels of less than fifty tons. 
16. In the reign of Charles 11 , Macaulay writes, not a single pro- 
vincial town in the (trans. def) kingdom contained (impf.) 30,00c 
inhahitanta, and only four had (impf.) 1 0,000. 17. Dusing a 
quarter of (a) century the rate of liirtfis in Italy remained alinosi 
stationary, at 37 per 1,000. t8. One inch is equal to i-iath of (a) 

foot. 19. o‘04563, 

Ki.y.s to Ii,\mtisK.s IN Les.son 8. 

(I) . I. I. (it us keep it. 2. Self tticiii to tier. 3. Let them type 
it. 4. Do not lend it to him (or to iicr) 5. Let him learn it by 
hcflrt. 6. Do not s[3cak so fast 7. Let him speak. 8. Do no1 
buy it in that shop 9. Let her sin.q. 10. Let us ask. ii. Let 
them not sing them yet. 12. Pardon me 

(II) . 1. Tniigamelo Vd. 2. Vendamoselos (a ella). 3, Dis- 

pense Vd., ,1 donde esta la parada de coches miis prdxima f 
4. Pregiinteselo Vd. a un policia. 5. No los pidamos todavla. 
6. ^ Por qu(S no ? 7. Por que tenemos otra "tosa que haccr por 

ahora. 8. Haga el favor de escribir a nidquina effas dos cartas. 
9. Dejelo Vd. salir. 10. NovengaVd antes de las siete. ii.Haga 
Vd. el favor de poner este vaso en mi mesa. 12. Que paguen 
sus d^udas. 13. Elija Vd. uno. 

(III) . I. Haga Vd. el favor de etlviarnos los gdneros franco a 

bordo. 2. i Cuanto pagaba Vd, ? 3. Quince pcsoso al mes. 

4. I Cuando se lo explicara (a ellos) ? 5. Ya se lo ha explicado, 

6, Espereine Vd. fuera. 7. i Sabe su socio el cspanol ? 8. Muy 

poco, pero lo esta estudiando ahora. 9, i Practica con Vd. 
alguHas veces ? 10. No, iiunca prueba>a hablar conrnigo. ii. Yo 

lo hablaba bastante bien pero sasi lo he olvidado. 12. j Iran 
Vd.s. al teatro esta uoclie ? 13, Creo que no; siempre llegan 

demasiado tarde. 14. Haga Yd. el favor de decirme coino 
promincia esa palabra. 15. Con muclio gusto. 16. ,1 Donde 
vere a Vd. dt-pues ? 17. Estar^ aqui, dentvo de una hora. 

Our Course in Spanish is contmucJ m Voluuu; 5, 
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Grabs and Allied Crustaceans 

O F more than merely zoological interest are the Crustacea, 
because many members make important contributions 
to our food supply Crabs and lobsters, together with 
prawns and shiimps, serve Man directly as food, while minute 
and less familiar crustaceans like copepods — which form immense 
swarms in the surface layers of the sea — serve indiiectly, foimihg 
as tliSy do an important element m the food of fishes 

Despite numerous variations m size and form, in structure, 
habit and coloration, membeis of the Crustacea are easily recog- 
mzed by a number of common featmes The armoui -plating of 
the body, so distinctive of the Arthropoda is highly charged with 
limy materials and forms a covering or crust enclosing the body 
The body is divided into segments, those of the head being fused 
together, while in the higher forms those of both head and thorax 
are likewise fused into a single mass, the cephalothorav Typically, 
however, three regions are seen and each of these bears charac- 
teristically fdjrked limbs, though in some instances the outer 
branch of the fork has disappeaied A difference from the insects 
and myriapods is the presence of two pairs of antennae borne 
on the head, the appendages of the second and third segments 
The most noteworthy difference between Crustacea and other 
arthropods, excepbng Ltmtdus is the possession of giUs for 
respiratory purposes by the former 

Llraulus The King Crab, This mterestmg animal nghtly 
belongs to the Arachmda, but this is a favourable pomt £t which 
to examine its structure - The animal hves in shallow wafer On 
the western shores of the North Atlantic and Pacific It is the 
last survivor of a weaning group, and shows many structural 
features of an arachmd nature '"The fiont part of the body (head 
and thorax) is covered by a strong semicircular shield or carapace, 
on the upper side of which the eyes are situated This region 
bears six pairs of limbs corresponding to the chehcerae, pedipalps 
and walking legs of a spider or scorpion The bases of the limbs, 
^owever, sunound an elongated mouth and are roughened to 
serve as grinding ]awa (gnathdbases) 
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'5he abdoaiinal segments are also fused together, protected by a 
shield above, and hear a tail-spine, which serves to right the 
animal if accidentally turned on its back. The hinder apj^endages 
of this region, of which there are five pairs, are thin flattened 
plates to which the gills are attached. Each appendage is forked 
liice a typical crustacean limb, the gills (or gill’book.s, as they are 
more correctly called) being about two hundred leaflets projecting 
from the outer branch. », 

Crustacean Evolution, The appendages of Cni'itar.ca are 
curiously modifinil to perform .several diiferont functions, and the 
natiu'i:! of sucli modilicatifiiis often aftorfl.s a useful key to the 
.H’oliition of the .sulj-pliyliiin. In the lowest Crustacea or 
Bninthwpoda — typified by the fiiiry .shrimp, ChirocephahiS — 
tiieie lies l)f;iiiud tin' heatl a long .series of trmik .segments carrying 
appendages oi similar form which perform tliree principal 
functions ; they enable the animal to swim, to colloct the minute 
organi.sms on which it feed.s, and to breathe. They may, in 
addition, seiwe as sensory oigams. The crustacean ancestor is 
visualized in .some such form, that is to say, as po.ssossing a long 
series of segments with uniform appendages. 

In the more highly evolved Crustaiea we .see the result.? of 
specialization of such a series ot appendageo in many ways, but 
along five definite lines — ^which, incidentally, characterize th» 
five classes of tlie sub-phyinm. The members of these classes 
arc thu-s considered to be derived from the ancestral type by 
modification along these lines. We can take these five classes 
in order, starting with the most primitive and proceeding to the 
most specialized. 

Branchlopoda, In this class only the head region has become 
specialized, the trunk limbs remaining simple leaf-like structures 
used fsr several purposes. The name of the class is derived 
■froril the nature of the limbs, wliich boar gills but are also used for 
swimming and for capturing foqd. One of the largest and most 
intere.sting members of the cla.ss, Apus, lives in stagnant water. 
It possesses a large head-shield, '\vhich covers the cliief part of the 
body. The animal rows itself along on its back by means of the 
numerous leaf-like appendages, to which soft, pear-shaped gills 
are attached. Chirocephalm, the fairy shrimp, is aiiout half an 
inch long, tran.slucciit and colourless, and appears from time to 
time in pools of water, moving incessantly in the same maimer as 
doe.s Apus. The anoverneuls ot its Iimb.s serve to swoop food 
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particles along a mer^.iaii gully between the bases of the limbs'and 
ir)±o the mouth. Swimming movements are thus combined with 
feeding ones. Chiyocephahis lacks the head-shield possessed by 
Apus.'^ln the common water-liea, Daphnia, the head-shield 
takes the fonn of a compressed shell which encloses the trunk 
but not the heaef. In Branckiopoda like Esiheria — a European 
but not a British species — ^the head-shield form.s a bivalve shell 
with hinge and closing muscle, which envelops both head and 
thorax- 

Ostracoda, This class contains forms which resemble Estkeria 
superficially, having a bivalve shell with hinge and muscle, though 
differing widely in other respects. Thus the number of trunt 
limbs Has been reduced to two pairs (there are ten to almost thirty 
in the Esiheria type) . The Ostracoda have short bodies, and food 
is gathered not by the trunk appendages, as in Branckiopoda, 
but by the head appendages. This is the second trend in 
crustacean evolution ; the shifting of function of the thoracic 
limbs to the head limbs, with great reduction in number of limbs 
in the former region. The tail is reduced to an insignificant 
stump. Oslracoda are minute crustaceans found in both salt and 
fresh water, 

Copspoda, The members of this third class of crustaceans also 
‘f eed by means 'J-f the head appendages, though the method in which 
these arc used differs from that seen in the Ostracoda. There is 
no carapace and a trunk region of ten segments ha.s been retained, 
of which the first six bear swimming limbs. The hinder part of 
the trunk has no appendages, and the segments of this region in 
some members are fused into a short stump. 

Copepods form a very important class of food organisms in the 
sea, and constitute valuable links in food-chains, that is to say, 
series of animals the higher members of which feed ufon the 
lower. They feed upon minute plants (diatoms) and in turA arS 
preyed upon by other crustaceans and fishes. One species forms 
the food of herring, another species constitutes the bulk of the 
food of the Greenland or " right'' whale. They are generally of 
microscopic size but produce abundant offspring, one female 
producing several million young animals in a year. So abundant 
are these animals that the sea is often coloured bright red by their 
tremendous swarms. Some of the members of the class have 
Ijecoine degenerate parasites found adhering to the skin and gills 
of fishes, and Are little more than egg-producing machines. 
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CliTlpedla, This fourth class contains the familiar objects 
kno%vii as barnacles, animals which lead sedentary livesmnddr 
the -siielter of a large shield. They have forked limbs, which 
are used oxchi.sively for procuring food organisms. Of the head 
appendage.-i, the antennae have disappeared and the othens are 
not used for feeding purposes. The thoracic limbs are long liairy 
filamcnt.s, used a.s sweep-nets. The tail is reduced and the body 
is fixed by the liead end, well .seen in tire ship barnacle (Cepas) 
and the acorn lumaclo {lialoHUs), wtiich aliounds on rocks between 
fide inaiks. In lioth iiintam-es the body is protected by shelly 
pkitfi, Init tlic licad end of the ship barnacle is drawn out into a 
ion;; lie, by st.-dk 


Many ncor iclativcs of tin- ijant.'icle arc dc/'cncnito parasites, 
one of tlio most UTnarkablc, exauiples being Sncctilina, of which 
the adult female is often found aUaclicd 1o the unrlcr side of the 
crab’s tail. Dissection shows that Saccutina is provided witli 
root-like brancliing ttireads, which ramify through the tissues of 
the unfortunate liosL and serve to absorb its blood and body fluids. 
The larva indicates tlic parasite’s true affinity. 

Malaoostraoa, This fifth class includes the highest Crustacea 
and is typified by lobsters and crabs, but also contains sand- 
hoppers and woodlice, of which the latter liar-e beewre adapted toi, 
life on land. Lobsters 
and crabs are " ten- 
footed,” crustaceans 
(Decapoda), so called 
because there are ten 
obvious limbs — the 
two great pincers and 
four prsirs of walking 
Is® Twenty ■Se"'- ttOMMOtl CRAVFISJi. Side view of Astaciis, 

° • ■ , ? tluviatili.s . a, ar.tennule: b, antenna; c, third 

ments are comprised in mnaillihsil: a, chela; e, first w.ill.in[» leg ; f, lourth 
thphnriv of which five wallun<: le? ; k, tclson . h, Ust appcmlage, ; ), last 
me Dotiy, or SMuen live, segment of abdomen . k, swimincrets , l, abdomen; 

eight and .seven belong f'n>t segment of abdomen . n, carapace ; 0, eye. 
to head, thorax and bireneorala" 

abdomen respectively. Head and thorax are fu.sed together and 
form a head-tliorax {cephalolhorav), roofed ovei by a strong 
carapace. Tdmba arc boine on all three regions of the body and 
art: typically forked, tlioiigh in many instances the outer 
Drauch of the toj;k has been lost. The abdominal limbs aJe 
forked paddles kiiow-n as swimnierets, best seen in large-tailed 
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Decappda like loljfiiers, cray-fishes and prawns. In ’’such 
ajaimal^ the tail is used as a swimming organ, its powerful 
downward movement propelling the animal tail foremost, In 
short-t-ailed Decapoda lUie the crab, the swimming habit has been 
abandoned for a ^creeping one. Head and thorax are enormously 
broadened, while the greatly reduced and insignificant tail is 
tucked up on the under side of the thorax. 

ThC first two head segments bear each a pair of jaws. The 
hinder pair are large and relatively long. They are chiefly con- 
cerned with touch and constantly describe sweeping movements. 
The smaller first antennae are forked and have to do with both 
touch and smell, while an open sac is lodged in the base of each 
and assists in maintaining the balance of the body. The laiit 
three of the head segments bear jaws named, from before back- 
wards, mandibles and first and second maxillae, The mandibles 
and first maxillae have lost the outer branch of the biramous 
limb, and the former are extremely powerful. An oval plate is 
attached to the second maxilla and lies in front of the gill cavity, 
a chamber under the sides of the carapace containing the delicate 
gills. This plate serves as a baling organ, its movement en.suring 
that a continuous current of water with dissolved oxygen shall 
move over the gill lamellae. The first three segments of the 
thorax have^'^appendages known as foot-jaws or maxillipeds. 
Jaws and foot-jaws alike move from side to side and help to 
break up food. These structures are supplemented by a complex 
chewing arrangement contained within the stomach. 

The lobster has stalked eyes. Some Crustacea have eyes devoid 
of stalks and are known as sessile-eyed crustaceans. They are 
much smaller than the stalked-eyed forms, and only the front 
segment of the thorax is fused with the head. There is but a 
single pair of foot- jaws, and the eggs are sheltered in "a broad 
chamber on the under side of the thorax. This group iniluefes 
sandhoppers and their allies, slaters. Sandhoppers have a 

strongly bent body which is greatly flattened from side to side. 
This not only promotes swimming but also springing, the latter 
movement being particularly noticeable in the common sand- 
hopper of our coa.sts. Slaters are creeping forms greatly flattened 
from above downwai'ds, an adaptation to life in chinks and 
crevices. The shore slater, Ligia, is found just above tide marks 
in mo.st parts of the world, but the most familiar crustacenn 
of this kind is Oniscus, the land slater or woodlouse. 

( ) 
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LESSON 17 

Snails, Shell-Fish and Other Moiliisca 

Inr’^iurRE is one phylum ol inveitehrale animals which includes 

I a nnmbor of apparently diverse creatures readily 

guishod from the Arthruiincla because their Lindies are 
licit divided into segments provided with limbs, hut are. commonly 
jirotccted hy a conspiemms calcareous shell. Tliis phylum is tlm 
I^liillusi a. 'Fliti under side of tlic liody of tlic mollusc i., tliidcened 
to funu a muHcular projection, the " foot,” by which locnmolion 
is elfcctcd. In most rnolluscs llit-ic is a well-dovclopcd head, 
tluingh in some this region is not clistinct. The MoUusr.a is one of 
the chic'f divisions of the animal kingdom and, like the Artliropoda, 
contains many very liighly sfiecialized memhers. Tlie ph3diiin 
is divided up into five classes, each with many well-known 
representatives: (i) Amphincimt, which contains the chitons; 
(2) GastfopotJa, inclmling snails and slugs, whelks, periwinkles 
and other univalve (one-valved) “ shell-fish ” ; (3) Laniclli- 
hvanclnata, including the bivalve (two-valved) ” shell-fish," 
such as inu.ssL'ls, cockle.5 and ov'sters ; (4) Scajpiiopnda, repron 
seated by the so-calAd '' liisU'-shelts ” ; (j) Cephalupoiui, including 
the enttle-fishe.s, Sduitls and the octopus, as well as the interesting 
pearly nautilus. 

Lameilibranchiata, The most obvious character of thus 
class is tlie possession of an external limy shell made np of two 
pieces or valves placed on right and left sidas of the body. They 
are connected together on the upper side by an elastic ligament, 
which ^'causes the shell to open or " gape ” when its action is 
unoppo.sed, a-s in the empty .shell. Along the inner side of the 
hinge of tlie shell are often intMocking teeth and sockets, wliicli 
serve to prevent displacement when the shell is opened or closed. 
Two fleshy bands (in some forms only one) stretch across from 
one valve to the other near the front and hind ends of the shell ; 
these arc the adductor mu.scles, by the contraction of which the 
shell is closed. It is the adductor muscle which the eater ol 
oysters slices tluough in opi'iiing the oyster shell, 

1 If we cut thiongli the addnclor.s of a bivalve mollusc like 
AnodoHta, the fiTJsh-water mussed, we find that each valve ia 
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lined T3y a soft flap'^of the body wall, which is the mantle, the 
cflicf agent of shell formation As the animal grows the shell is 
made correspondingly laiger by additions at its rim, which 
additions are laid clown by the mantle edge. Thus we have the 

lines of giowth — points at which one addition follows another 

encircling the iiinbo or beak of the shell, which is the oldest part 
and which is usually toimcl nearer the front end of the animal 
The pearly or nacreous inner smface of the shell is foimed by 
the entire oulei surface of the mantle. 

On raising the mantle flap of one side wo see below it the 
complicated plate-like gilh from which the class deiives its name 
— two, laminae on each side, one lying on the inner side of the 
other. Each is leally a double stiuctiiie which hangs bag-liko 
fiom the lower surface of the body The gills or ctemdia present 
a very complicated appcaiancc under the microscope, consisting 
of a lattice work of fine filaments bearing ciliated cells The action 
of the cilia sweeps a steady stream of water through the lattice 
work and into the cavity of the lamella fiom the cavity between 
the mantle lobes. This stream of watei passes into a large chamber 
lying above the ctenidia and thence to the exterior by a small 
tube, the e\halani fiphon, seen at the hinder end of the annual 
Joetrveeii tlie yalves of the shell The stream is maintained by 
the entrance of water thiough another tube, the inhalant siphon, 
lying immediately belov. the cxhalant siphon. This water 
carries oxygen m solution and, since the gills are thin and richly 
vascularized, gaseous exchanges take place in their capillaries. 
But the principal organ of respiration is the mantle fold, which 
is also abundantly supplied with blood vessels and is constantly 
bathed m oxjrgen-containmg sea water. 

The water circulation through the body of the mussei serves 
another important functioii. Contained in it are minute orgainsms 
which constitute the food of th^ mussel. These are entangled in 
sticky mucous threads secreted by some of the cells of the gill- 
lamellae, and are waited by the- action of special cilia towards 
the front end of the animal, where the mouth is situated. The 
Ctenidia arc specialh’- modified feeding organs. When the tram 
oi particles reaches the anterior end of the animal, it is caught 
up by One or other of the two triangular flaps which he on either 
side of the mouth. These flaps or labial palps are also ciliated, 
altd serve to pass on the food train to the moyth. 

■pVriii^cting between the lamellae oi the ctenidiEi is the largo 
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orangft-coloured foot shaped like an a'cc-head^ and projecting to 
the front. This is the organ of locomotion. When blood is 
pumped into it, it is stretched forward, and then by contraction 
of its muscle fil)rcs a sliortening is effected by which the b^dy is 
dragged along over the surface of the mud of the pond floor. 
The foot also contains several coils of the inte.sfine. which com- 
municates in front with a capacious stomach embedded in darkly 



ANOO.'SNTA, 1. Entire anuiiAl from the left side; 2 . from the hinder 
^ en4 ; a, umbo; b. ligament; c and f, cxhalant siphon; d and if, inlialant 
siphon; e, foot; li, mantle. 3- Animal witfi most ol left mantle lobe 
remoYfid; a, front adductor irwsclc; b^cut edije of left mantle lobe; c, hind 
part of intestine ; d, heart ; e, exlialant siplum ; f, inhalant siphon ; t;, anus ; 
n, right mantle lobe ; j, hind adductor nni’jcle ; k, left external gill lamina ; 

1, left internal gill lamina; m, labial palp; n, foot ; o, mouth. 

From Pnrher '* jioolouu,** Wncwidlun 

coloured digestive glands, and which opens to the exterior behind 
by way of the exhalant siphon, slrangely enough, after passing 
tiirough the substance of the heart. The reproductive glands 
are also lodged in tin; fool. 

^ There are many bivalves in which tho siphons are grcatlri 
elongated. Such INbivalvo can remain sheitered in its vertical 
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burrowfiii sand or mud, and while its siphons reach the surface it 
is abfe to feed anu respire in comfort. The ends of tlie siphon 
aie pi' mented and sensitive to changes of light intensity. Should 
a shadow fall upon them they are drawn in, and the animal 
burrows to avoid the danger which inay threaten it, Some 
bivalves burrow more rapidly than others, the best burrowers 
possessing a long narrow shell with the foot projecting in front. 
Solen, the razor-shell, has these characters well marked. Some 
specic.s are able to bore through wood or stone, the body twisting 
on its long axis, while the roughened front end of the shell is 
bi ought to bear on the structure to bo bored through Date 
shells [Liihodomus) and piddocks (Pholas) are good examples, 
The piost notorious wood borer, however, is the so-called ship 
■worm, Teredo, which at one time played havoc ■with the timbeis 
of ships and piers. 

Many bivalves have adopted easy-going lives, becoming tem- 
porarily or permanently fi.xed when adult. The edible mussel, 
Mylilus edulis, moors itself to fixed objects by black silky threads 
(the byssus). If conditions become unfavourable it can cast its 
moorings and seek a new home, though the small size of its foot 
indicates that it has cea.sed to lead an active life. In the scallop, 
Pectm, on the other hand, the foot is reduced to a useless vestige 
,and the shell Jias become rounded in outline The animal lies on 
its right side, having two dissimilar valves, but is by no means 
altogether sedentary ; it can swim with an exquisite butterfly- 
Uke motion by the flapping action of the valves of its sbeU when 
occasion demands. The most typical example of a fixed bivalve 
is the oyster, which has entirely lost its foot and which, lilce 
Pecten, has only one adductor muscle. The animal is fixed by 
the substance of the thick and deeply concave left valve, lying 
below, while the right valve serves as a land of hd, which can be 
raised for the admission of water currents. y m 

Gastropods, In a typical Ga?tropod like the snail the shcU is 
of spiral form, and the body of the animal is withdrawn into it 
as a means of defence. The under side of the foot is a flat sole- 
like expansion, from which a slime exudes, and by waves of 
muscular contraction the animal is able to glide along a smooth 
surface, as the most casual observer of our garden pest must have 
observed. The mouth is proidded with a peculiar rasping organ, 
by which particles are scraped from the food object. It consisf^s 
(S a projection rising up from the floor of thq^outh, over which 
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is btietched from front to hack a horny ribboi^ the studded 

with rows of minute teeth, by which the rasping is effected. 

Many snails live in the sea, and most of these respire by means 
of a plume-like gill situated in a cavity placed far forwariion the 
upper side of the body and roofed by a membrane, the mantle, 
which helps to form the sliell. As in bivalves, the purified blood 
flows into a two-chambered heart, which pumps it through the 
body in definite vessels. Some sea .snails are purely vege^rian, 
others are carnivorous and highly ptedacious. There is a roady 
mcarus of identifying the two kinds. In the former — tlic peri- 
winkle, Littonna litlorea, for instance — the opening of the .shell 
is* hounded by a continuous curve, and is said to be ” entire." 
In carnivtuous typei there ia in tlie shell edge a notch oi» Canal 
which carries a siphon for conducting pure water to the giU 
chamber. Some carnivorous types prey upon other .shcll-fish, 
using their rasping organs for boiing through the hard coveriiig — 
a procedure sometimes assisted by acid secretions which tend to 
dissolve the limy shell. 

Many sea snails have given up a creeping mode of life and 
nave taken to swimming at or near the surface, with nuich 
modification in structure. Carinaria has part of the foot modified 
into a flattened fin, which moves fi-om side 'to side and propMs 
tfic am'mai' as iV ifoats on its fiacit. Tiia sftei’i’ fus ^come retfijccc* 
to a small cap, which still serves to protect some of the ruore 
delicate organs of the body. The Pteropod.s or sea-butterfliesj are 
still more profoundly modified, having a pair of delicate muscular 
fins by means of wliich fluttering movements are effected. They 
may possess delicate glassy shells. These creatures are so abun- 
dant in the surface waters of the sea that, though e.\;trerut;iy 
minute, they form an important item in the diet of the whalebone 
whale, 

1 Lf^nd snails have probably descended from tiquatic ancestors, 
but have lost their gills and havf. converted the gill chamber into 
an organ for breathing air, a sort of lung. Some of the lung- 
snails have taken io living in fresh water, and when these are 
kept in aquaria they may be seen to come to the surface from time 
to time to obtain air. The common pond snail, Lminaea, is a 
familiar form often seen crawling shell downwards along the 
surface film where air and water meet. 

,, Soaphopoda. This is a small class of burrowing msiriiie 
molluscs, in whic!s±ho body is covered with a long curved shell 
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rescmbliilg a lusk ui shape. AL the tip of the shell is a amall 
opening, through which the water that has been used in respira- 
tion makes its exit. The imperfectly developed head is furnished 
with attrasping organ, and burrowing is achieved by the use of a 
long foot with a three-lobed extremity. Food, which consists of 
small oigauisras, is secured by the agency of a bunch of filaments 
with swollen and adhesive tips that can be protruded from the 
mouth, of the shell. Gills are absent and respiration takes place 
by means of the mantle. In some respects these animals are 
intermediate between typical sea snails and bivalves. 


LESSON 18 

Cuttlefishes, Squids and Oysters 

C xiTTLEFistiEs, squids and octopods are highly predaceous 
and exclusively carnivorous members of the Cephalopoda 
which, living at a depth of a few fathoms in the sea, are 
often caught in the fisherman’s trawl. These creatures are found 
commonly enough in our seas, but rarely reach a size at which 
they arc dangerous to man , in other parts of the world, however, 
■they grow to‘’.enormou3 sizes, and are a menace to the diver 
engaged in the sponge or pearl industry. Some of the giant cuttle- 
fish of the North Atlantic may attain a length of 40 feet or more 
and may weigh half a ton. 

In striking contrast to the lamellibranch or the gastropod, the 
cephalopod possesses great strength and shows exti'eme rapidity 
of movement. Moreover, it possesses a pair of prominent eyes, 
set at the sides of the head, which in degi-ee of complexity closely 
approach those of the fish. In this as in other characters the 
cephalopod is one of the most highly organized members of the 
Mollusca. The foot so highly characteristic of most molluscs 
has become modified almost beyond recognition, being wrapped 
round and fused with the head. ''This region is drawn out into a 
number of arms — eight in number in the octopus, with the 
addition of two greatly elongated arms or tentacles in the cuttle- 
fish and 'the squid. The inner sides of the arms and the swollen 
ends of the tentacles are studded with numerous small suckers, 
which cling so tenaciously to prey that the arms mav be torn awaw 
before releasing their hold. 
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The bagJike and muscular body of the cephalopod, *wliicli is 
supported by an elongated iirtornal shell or “pen" of 'horny 
consistency, contains important organs, including ctenMia 5r 
gills and an “ ink-gland.” Tlic mouth is found within ring 
of arms and tentacles surrounded by a fleshy circular lip, ' 
which partly hides from view a 
pair of powerful horny jaw.s 
resembling the beak of the 
parrot. Tliere is also a tongue 
which carries nurnerou.s line 
hoolied teeth. Below the lieacl 
is a wide aperture through 
which water enters the mantle 
cavity, to batlie tlio cLenidia 
lying therein, and projecting 
from the body immediately 
below tlie head is a short tube, 
the funnel, through which water 
flows to the exterior again. In 
the living animal the funnel 
alternately opens and shuts, 
water being expelled rhyth- 
mically from the body, carry- 
ing away faeces from the 
intestine, waste gases from the 
blood, and the products of the 
excretory and 
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reproductive cuttlefish. Stpui cultr,ita, female, 3een 


CTlTtifls The furiTipl alsn nlav=! liu'der side, the wall of 

gianas. ine lunnei aiso piayS raanllc-cavity divided along the middle 

an important part in locomo- line siid the two flaps thus formed spread 
. . ■ 1 • 1 out so as to expose the contents ; a, mouth ; 

tion. When cruising leisurely t, external openlnK of funnel ; c, anal 

the animal makes use of narrow free'fum • 

^nS"' running along the sides K. oviduct J h, left ctenidium; i, ovary; 

,1 j ii k, ink-5ae j 1, ink-duct : ni, digestive gland. 

the body aild of Part-cr it- UoaiueZI. ‘‘A lext-hook ol 

' ‘ ! 1 1 r . Zooloau," Macmillan tfr Co., Ltd- 
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streams of water ejected from 
the backwardly turned tip of -the funnel. But when alarmed 
the animal shoots out a strong jet of water which, meeting 
re.sistance from the water outside, propels the animal backwards 
with great rapidity. At the .same time an inky fluid i.s dis- 
charged and forms a dark obscuring cloud under cover of which 
^the cuttle c'.scapes. This fluid is the secretion of a glandular bag, 
the ink sac, in nijiich it is stored until required. The pigment 
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'-vbpia was prepared originally from the ink sacs of cuttlefsshes 
known* as Sepia officinalis. 

*rhe fteart of the cnttlefish, like that of other jnoUnscs, is three- 
chamb^'ed. Two of these chambers, the auricles, receive 
‘oxygenated blood from the ctenidia, while the third, the ventricle,' 
propels it to various parts of the body along fine arteries. One 
artery supplies the head, another the hinder parts of the animal, 
and a ^rd the ink sac. Blood is collected from the tissues of the 
body, where it has passed tlirough miiiiite vessels or capillaries, 
by a series of large vessels or veins, which convey it to the ctenidia 
^for re-oxygenation. The activities of the animal are controlled 
by the action of a complex nervous system. As in other mollusSs 
nerve cells are aggregated into ganglia, which in the cephalopod 
are large and closely clustered around the first part of the food 
canal, immediately below the mouth. From the ganglia nerves 
are given off to the eyes and arms, as well as to the viscera and to 
the other organs of special sense, of which the statooyst, or 
balancing organ, located in the head region, is the most important. 
Cephalopods are either male or female, and the sperm, and egg- 
producing organs (testes and ovaries) form a compact mass near 
the' end of the animal farthest removed from the mouth. A 
reuia-rkahle feature •of the male is the production of chitinous 
; eapsulos or spwmatophores filled with sperms, instead of isolated ■ 
, sperms. The organs of reproduction are rendered very complicated 
I by certain accessories for storage and nourishment of the sperms 
: and for the inclusion of food materials within the egg. 

Pearly Nautilus. There is one existing member of the cuttle- 
, fish class which differs in many ways from the rest, and may be 
: regarded as the last survivor of a group once dominant but no-^v 
, almost extinct, a sort of living fossil. This is the pearly nautilus, 
an inhabitant of moderately shallow water near the shores and 
coral reefs of the South Pacific. The rounded body is cov:pred 
; by an elegant external shell of regular spiral form. A section 
; through this reveals the fact that the older part is divided by 
partitions or septa into a series of'curved chambers. The animal 
lives in the last-formed chamber, which is continually enlarged 
,1; , as the animal grows, a new partition being added from time to 
; ; time. The older part of the shell is converted into a series of gas- 
Ij filled, chambers, which help to buoy up the animal and prevent 
, 1 ; .tire large shell from becoming too great an encumbrance. Thiss, 
device , has not proved a great success, for ^'molluscs vvith a 
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diatEtbeTed external shell o! this type have long since become 
extinct, with this single exception. * . * 

The Aniphineura, wliich comprise tire chitons, were at orft timS 
grouped with the Gastropoda, but are now regarded as suffi^ently 
distantly related to the snails to form a separate class. Its typical 
members (the chiton.s) are extremely sluggish limpet-like creatures 
with a .shell built up of eight overlapping plece.s, Other and simpler 
members of the class are devoid of a .shell, have elongated r^orni- 
like bodies and are the most primitive representatives of the 
Molln.sca. Chiton has a much flattened body with a broad foot, 
which is not only an oi\jan of locomotion but also one of adhesion, 
enabling the animal when at rest to cling tenaciously to the 
surface of a rock, after the fashion of the limpet. 

Cult of the Oyster. Oy.sters were deemed a delicacy even 
in the remotest times, and the culture of the oyster has become an 
important industry. The oysters of Wliitstable wore well known to 
the ancient Romans, who may be considered the pioneers of the 
industry. These molluscs thrive best where there is a certain 
admixture of fresh water with .salt, as in estuaries. In order to 
secure a regular .supply various methods of culture have been 
employed through the centuries, sometimes at a very primitive 
level, as in Italy, where the same methods are Employed today a.s 
in classical times. In other countries, e.g. Hollan^^ and France,- 
oyster culture ha.s acquired a very elaborate technique. At the 
present time one of the greatest centres of oyster culture in the 
world if the Bay of Arcachon, south of Bordeaux, 

All the marine bivalves commence life as minute free-swimming 
laivae, so that even fixed forms are able to roach fresh homes. 
The early larvae bear a remarkably close resemblance to the 
Lrochosphere of Annelida, and receive the same name. In the 
t}rpical raollusc this early larva is followed by a second, which is 
cbardtjteristic of the Mollusca and is called a veliger. It possesses 
ciliated bands for locomotory and»feeding purposes. The fijot and 
shell are developed in this stage and, in the Gasteropoda, the latter 
develops its peculiar coil. ’ 

The larvae of the oyster are known as “ fry,” which after a 
period of free-living existence become transformed into “ spat " 
and (VtUich themselves to stones, shells and other hrm objects. 
Arrangement.s for capturing the spat play a large part in oyster 
ei>ltHre as practised at Arcachon. The natural oyster beds of 
France are careful^ tended and preserved and serve as the 
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source^ of spat, the collection of which is the first concarnsof the 
indu^U'y. Spcciaf " collectors," in the form of crates of lime- 
"washed earthenware tiles, are placed on the shore between tide 
mail^. On these tiles the spat settle when free-swimming life 
is abandoned. The collectors are set down in early siinjmer, 
and if there is a good " fall ’’ of spat the tiles are soon covered 
with hundreds of minute species, each of which is a potential 
oyster. The collectors are allowed to remain in the water until 
the early part of the following year, being carefully cleared of 
encrusting organisms meanwhile, and are then brought ashore 
for removal of the young animals. 

By this time the spat have become Iransfonned into midute 
" seed-oysters," which are flaked ofi the tiles and placed in 
shallow trays covered with wire gauze for further development. 
They are subsequently transferred to carefully prepared oyster 
beds, walled in, and provided with special flood gates for regulating 
the water supply. The oyster is not exported until it is two 
years old and roughly two inches in diameter. It is not eaten 
usually until it is four to five years old. The two-year-old animal 
is exported and sold to oyster fattening farms, of which those 
near Marennes are the most famous. Here the culture includes 
fattening, greening and education for transport. The first and 

second oi these pro- 
cesses take place in 
trenches and ponds of 
brackish water, swarm- 
ing with microscopic 
algae, to which the 
delicate green colour 
much prized by epicures 
is due. Education for 
transport consi^ '•of 
keeping out of water for 
a certain time indivi- 



AHODONTA, One stage m dcTfelnpinentj-a, byssns ; 
b, adductor muscle ; c, hooks , d, mouth ; e, cilia s 
f, food canal , g, lateial pits. 

Parser i. Unswell 


duals the shells of which 
gape open when re- 
moved from their 


natural element, By a repetition of this process oysters team 
to keep their shells closed, and are then ready to travel. Some 
oysters need little training in this respect, having learned 
'tiose their shells immediately upon being b^rught to land. 
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Life Story of Anodonta. Some bivalve molluscs, like 
Anodnnta, live in fresh water ponds ami streams, and irr siicSi 
instances either there are no free-swimiiiinc; larvae. whic;h''v.uuSri 
tend to he swept down to the sea and destructinn, or, if thfiy- are 
formed, special arrangements prevent such a catastroplie. In 
fresh water mussels like Anodonta and Unto, thclatter alLfirnatwe 
is found in the life history. Development of tlie fertili;;ed egg 
takes place in the lamellae ot the outer gill of the mother, .ijrid a 
small bivalve larva, the glochidiitm, hatches out. The gills of a 
single ripe female are greatly disteiifled with many thoir-aiiih 
of such developing larvae. 

'The glochidia arc shed into the aurroundittg water by way 
of the exlialant siphon. At this stage, the shell is (piito unlike 
that of the adult, for the valves are triangular and eardi fn-e 
apex bears a sharp hook. A long adhesive thread, the byssns, 
trails out between the slightly gaping valves to S(;ek an uncliorage 
essential to further development. A strange set of events is 
associated with subsequent changes, 'fho glochidia are liberated 
in small clouds at the precise moment when a fish passes close 
to the mother. Unless the larvae anchor themselves to the 
fish they must inevitably perish. Should the byssu.s toucli the 
gills or skin of the fish, say, a stickleViack, it’hokls fast and the 
hooked valves are employed promptly as a mow permanent-* 
means of attachment. The irritation which is set up leads to the 
growth of a land of gall, within which the later stages are passed 
througii in comparative safety. After a parasitic life of varydng 
extent the young mussel emerges from the cy.st, falls from its 
temporary host into the mud of the pond floor, where it becomes 
adult and lives for the rest of its life. 


LESSON 19. 

Spiny-Skimied Animals 

E chinoderms, which get their name from Greek words 
meaning spiny-skin, differ from most animals we have 
considered thus lar in the nature of their fiyuunatry. 
Ijistcad of having bodies with rUThiitc fore and hind end.s and 
light and left si(k'l>^ach the mirror imago of the other (bilateral 
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symmetry), they resemble a star or the head of a regular flower, 
This 'type of syiifnietiy, called radial, we have encountered 
S-lready in the bodies of Coelentemta. But Nature's great ex- 
periment in radial symmetry has been made with the Echino- 
demiaia, which live in the sea at all depths and show interesting- 
variation in form and structure, as well as great diversity in 
habits. 

Most species live at moderate depths beyond low water mark 
but many dwell in shallower water between tide marics. Some 
love to climb on rocky coasts, others to glide over or burrow into 
sandy beaches or estuaries. Their food is varied, as is also the 
manner in which it is obtained. Some swallow sand or mt!d, 
which they pass through their bodies in order to digest the living 
creatures contamed therein ; others browse upon or crop various 
kinds of seaweed.s ; a few find an easy living on beds of bivalve 
molluscs, and become pests on oyster beds and mussel banks 
The animals included in the phylum fall into five clearly defined 
classes ■ (t) starfishes [Astefoidea] ; (2) brittle-stars (Ophiwoidea ) , 
(3) sea-urchins {EchinoidM ) ; (4) sea-cucumbers {Hohthumdea ) , 
and (5) sea-lilies and feather stars (Crinoidea). The first two 0 
these classes will now be considered. 

Starfishes. These animals are so called because of theii 
«star shape, end are among the most familiar creatures of the 
seashore. The commonest kinds— like Asterias rubens, thf 
" five-fingers,” and Astropectm irregularis, the burrowing star 
fish — have five radiating arms growing out from a central disk 
The mouth lies in the centre of the disk on its under side edgec 
■with strong spines. It leads into a capacious stomach, the firs 
part of which can be protruded from the disk and literally wrappet 
around prey. 

One of the most interesting features of the starfish istthe way 
in which it moves about, ^,It crawls along or climbs into aqfi oat 
of crevices by means of numerous sucker-like organs lodged 
in grooves, called ambulacral grooves, that run along the lower 
sides of the arms. These tube feet are generally distended 
with sea water, their cavities being continuous with definite 
channels and canals, which pass along the arms and around the 
disk. This system of canals constitutes the water vascular 
Byatem, the most characteristic organ system of the echinoderm, 
It is essential to glance, first of all, at this important feature 
toinoderm anatomy. 
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Op. the upper side of the central disk and tovvatd.s tho-inten-al 
between two of the arms lies a small furrowed plate, the niadrc- 
porite, which is perforated with numerous fine pores, soon only 
with the help of a hand lens. The perforations lead into exceed- 
ingly fine canals lined with cilia, which draw sea water tnrough 
tlie madreporite and into a short vertical caija] with calcified 
walls, called the stone canal. The stone canal conveys sf-a a-ator 
into a circular canal running round the gullet and, therefore, 
immediately above the mouth. The “ ring canal ” gives c7it one 
radial canal opposite each arm, and this passes along the aml)ii- 
lacral groove above the tube feet. Short connecting vessets 
Iwl: up radial canals with tube feet. 


The base of each tuiio foot is swollen into a vi.'.sicle or arppuihi 
with muscular walls. This is really a reservoir for fluid n.sed 
in connexion witli the actisdties of the tube feet. liy contraction 
of the ampulla water is forced into the tube fool, which is thus 
extended. In Aslerias the tulje feel end in disk-like suckers, 
by means of which the animal cling.s to the surfaces of roclcs and 
weeds over which it scrambles. The water vascular sy.steni is 
thus an agency of locomotion, but this is not its sole function, 
nor yet its most important one. Projecting freely into o.xygen- 
laden sea water and possessed of thin raenjbranous walls, the 
tube feet are admirably adapted for efiecting rg.spiratoiy e.X;^ 
changes, and, in fact, they arc very * 

important breathing organs. The 
water vascular system was first 
evolved in the interests of respiration, 
which is still its chief function in sea- 
lilies and brittle-stars, and which only 
later in the evolution of the Echino- 
dermati.and in particular forms came 
to possess importance as the basis of 
locomotion. 



Starfishes prey upon apparently starfish in act of devourini? a 
invulnerable bivalve molluscs tc^such S" 
an extent as to menace the shellfish "''"cK “'‘efs tlieiioni canal 
industry. The star-fish arches its Bornuruiic, ttc. 

body over that of the mussel or oyster, and attaches its tube feet 
to the valves. The shell is gradually forced open by the long 
sustained pull of the tube feet, for the powerful adductor muscles 
of the bivalve; though much stronger than the tube feet, lira 
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nmch ‘more quickly, and the succulent body of the moSusc is 
drawn into the pfotvudod stomach of the starfish, ' 

' ' At' each side of the ambulacral grooves of the starfish’s body 
are -^vo or three rows of calcareous spines movably articulated 
with plates in the body vvall by means of ball and socket joints, 
bfearer the upiper surface are three rows of stout immovable 
spines, while on the upper surface are numerous shorter immov- 
able spines arranged in irregular rows 
along the arms. Some of the spines, 
especially those of the lower surface, 
have microscopic pincers borne on 
short flexible stalks. These are The 
pedicellariae, which serve to keep tlio 
surface of the animal clear of sand 
grains aud minute sessile organisms, 

■ which are picked off the soft 

membrane that covers spines and 
plates as quickly as they fall on it. 
At the extremity of each ambulacral 
groove is a small bright 
red cj'e-spot, over- 
hanging which is a 
minute tentacle, similar 

to a tube foot, but 

without a sucker. These 
are the organs of sight 
and smell, the latter 
being more strongly 

developed than the 

former in starfishes. 

The internal organs 

of the starfish ar^vo^r 

STARFISH, Above, oral or actmal surface. Below, complex, SO that VW can 
diagram of transverse section of aim ; a, ^2piderrnis; ir > 
b, muscle wtiicJi straiRiituns the arm,* c, iplne; d, but glance at tlieir 

one of small pedicellariae with crossed jaw ossiclesj epr.. , nrAip/vf 

gillf gi erne of large pedicellanae ^whose jaw nature. Xiiey piujccL 
ossicle* «re not crossed j h, ossicles ; i, ambulacra] ^ capacious Cavity 

ossicle; k, adambulacral spine; I, adaitibulacral . -K ^ 

ossicle; m, tube foot; n, radial blood vessel; o, in the disk ana amis, 

radi.'il nerve i p, radial perlbueinaJ vessel ; q, raduU >, -e +v.o rriAlnm 

water vessel ; r, muscle which narrows ambulacral wniCii is me cucicjui. 

sroovc ; a, rjluric ciccuin; t, muscle wUiclr opeivs mouth leads mto a 

ambulacral gioove ; u, perivisceral cavity. . v, 

iTj'Ofn Pdricr ili "JetL-boOk of tnolOfiUt" StOITlclCh WDlCll OCCUp/^. 

Pr'iT’- mostu-jnho space within 
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the A'' and is divided into tno pafts From the pait tiitdrsc 
ed fiom the mouth eight long dige'.tuirsdcs an given oil, 
itvvo of which pass into each arm The walls of these e u e i V erete 
digestive fluid and are to be tegatdeil as digcitivc ghnds Hie 
last part of the alimentaij c iiial is a shoit mlcstiiu v. hu IFoir'iis 
to the exterior by a small anus almost but not qyite in th( centre 
ot tho upper surface of the disk 

The neivniis sjsiein shows the same radial syinmitii. is th" 
digestive system Just below the epidtiinn of raeh ambuTairal 
gioove* and between tho rows of tube tut is a Aiip of nuvows 
tissue ui radial nerve This Imk^ up with a prut i, on d stiq of 
siraihu tissue, ttie nerve ring siirroimding the innutli flu blood 
vaseular system shows a 'unilir airmgement 1 he lue Is lie 
built upon tho siini wheel like plan. Ihe manes oi U v iisi in 
bhng bunehes of niieioseopic grape, in the cavil) ol tlu di k 
betwicn adjacent arms Eggs and speim,. aie passf 1 to ihe 
extenor through minute openings on the uppir surface 

A starfish hatches from the egg as a bilateral hipinmma iarv a 
the body of which is drawn out into short soft arms covcied with 
cilia Ihe majority of echinoderms have free-sw imming larvar 
which float in the sea, and the bipmiiaua is charact.,nstiL of tbf 
starfish class \ few staifishes, cluefly those.of polar seas oi of 
the ocean abysses, retain the young in special broodjiouehea untij, 
they come to possess the adult fnim The eggs 'of foims witn 
pelagic larvae are small and almost devoid of food yolL , such 
eggs must drift for a space in the sea, from which materials 
requisite for development arc obtained Other forms ha\ e largi r 
yoUcy eggs containing most of the food materials necessary foi 
development , m this ..ase the young do not pass through a fiee- 
hvmg larval stage in devciopment, and for the early pait of the 
life cyclp-live sheltered lives 

-Br'ttlestars. These animals are the mo-.t active of aU 
echinodemis, and obtain their name from the habit they hive 
acqinied ol bieakmg into pieces when touched oi otlicuvne 
imtated The scientific name Op}i>iiroid\t refer, to th' ir wn ;glinq 
serpent-like movements ihc inns of tho ordinary ‘tarii.h arc 
merely contimiations of the cenlial disk ml.i whiih glandular 
prolongations of tin stomach extend Brittle .1 irs also possess 
ladiatuig aims, but tlu si are narrow .md setju utme, sharply 
marked off from the disk and devoid of digestive poiirhes 
In exanijmn 9 Uu iims of the britthslir m gii.Ucr detail w-i 
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siicounter several differences from the starfish pattern, 
sOarcb in vain extc:nally for amhulacral grooves such as r,..^„ , 
horn the angles of the month in the starfish ; in the brittlestar^' 
these grooves have been converted into closed canals lying buried 
ill theTiody wall protected by calcareous plates, which have been 
derived from the, plates bordeiing the grooves in Aslerias. The 
closed canals are also found in sea-urchins and are known as 
epineural canals. At the sides of the plates project slender tube 
feet, which, being devoid of suckers, are of little use in climbing. 
The brittlesiar uses its mobile arms for moving about, but inde- 
pendently of the action of the tube feet. One arm is extended in 
front, while the others row the animals along over sandy surfaces 
by series of spasmodic movements. The animal jirogresses by 
pushing and pulling upon the objects about it with its highly 
muscular, armour-plated and spiny arms. An alternative method 
of capturing prey hns also been devised, lor this the brittlesiar 
achieves by coiling an arm around it and forcing it into the mouth. 
The thin, soft epidermis of the starfish, which is richly ciliated, is 
vestigial in the brittlesiar, and in its place is a strong cuticle 
which defies laceration. 

Many other features serve to render the OphiuroUlea distinct 
from the Aslevoidea^ The alimentary canal is a mere bag, which 
^imot be pri^truded through the mouth, and this opening is 
armed with shdirp spines that serve as teeth. Ophiothrix fragilis, 
the common and most fragile of all brittlestars, feeds on micro- 
scopic sea plants and on decaying matter occurring in the mud on 
which it lives ; it shovels sand and mud into its mouth with the 
first two tube feet on each arm. These tube feet are continually 
active, throwing food into the mouth and sweeping away un- 
digested materials which must leave by way of the mouth. 

The egg of the ophiuroid develops into a larva totally dissimilar 
to the parent and different from the bipinnaria of the starfisl^ 
It has long slender aims supported by fine calcareous rod^ and 
clothed with fine cilia, and bears a closer resemblance to the larva 
of the sea-urchin. Both types o^larvae are called plulet, that of 
the ophiuroid being an oplnoplulens. 

Our Course in loology is continued in Volume 5- 
END OF VOLUME FOUR 
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